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PREFACE 



ABOUT SNER6Y TECHNOLOGY MODULES - 

The modules were*developed by CORO for use in two-year postsecondary technical institutions 
to prepare technicians for employment and are useful in industry* for updating^mployees in company- 
sponsored training programs. The principles, techniques., and skills taught in the modules, based 
on tasks that energy technicians perform, were obtained from a nationwide advisory committee of. 
employers of energy technicians. Each module was written by a technician expert and approved by 
representatives from- industry. j } ' t 

A module contains the, foil owing elements: ♦ 

P 

Introduction , which identifies the topic and often includes a rationale for studying the material. 

Prerequisites , which identify the material a student should be familiar with before studying the 
module. . 

i . 

Objectives , which clearly identify, what the student is expected to know for satisfactory module 
, * jcompletion. The objectives, stated in terms of action-oriented behaviors, include such 'action 

words as operate, measure, calculate, identify, and define, rather than words witfrmany interpre- 
tations such as know, understand, learn, afnl appreciate. * 

V 

Subject Matter , whfch presents the background theory and techniques supportive to the objectives 
' of the module.- Subject matter is written with the technical student in mind. \ * 

> Exercises , which provide practical problems to which the student can apply this new knowledge. 

■ Laboratory Materials , whic£ identify 'the equipment required to complete the laboratory procedure. 

Laboratory Procedures , whicfc is. the experiment section, or "hands-on" portion, of the module 
(including Step-by-step instruction) designed to reinf v . v,e student learning. 

Data Tables , which are included in most modules for the first year (or basic) courses to help 

the student learn how to collect and organize data. 

:* m ^ 

. ' • * . / 

References , which* are included as suggestions for supplementary reading/viewing for the student. 



^ Test ? which measures the student's achievement of prestated objectives. 
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INTRODUCTION 



''Energy Conservation - An Introduction" is a module 
that is, fundamental in nature, designed to give 5:he student 

f 4 

a review of information presented in previous courses. 
This Jodule discusses availability and utilization of energy 
'sources and describes utilization, of energy in the economy 
of the United States'. It also reviews basic principles for 
conservation of energy 'in energy-using equipment- and in 
building construction and use.« The fundamentals discussed 
in thi*s module are prerequisite to required task decisions 



and skills required in subsequent modules 



PREREQUISITES 



The .student should have completed one year of high 
school algebra, Unif ied^Technical Concepts I, II, and III , 
Fundamentals of Energy Technology , and Energy Production 
Systems . 



OBJECTIVES 



* Upon completion of this module, the student s-hould be 
able^to: . ( 

1. Describe energy flow in the U.S. economy and include' 
'the nature o£ primary sources, energy-conversion de- 
vices , 1 *an9>^id uses and losses. ; 

2. Calculate d oubling' time fo r use of a resource, given 
the r&te of increased u$e. v • 

3. Stat'e at least three advantages of energy conservation, 
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4. Describre the long term historical use of petroleum in 
the past, presenjt', and future. 

5. Discuss the c&sts of natural ga-s , fuel oil, and coal, 
as well as the' expected price trends for each*. . 

6. Given infQrmation about fuel usage, such as the .given 

— t> 

period and the average climate at a given location/ 
calculate ^how much fuel may be expected to be used in 
a future period. 

7. Describe the historical growth pattern of . energy usage 
iiy the U.S V \ > ' 

8. Discuss metiiods^for energy conservation in the follow- 
ing areas : * 

a. Energy-using equipment. * • % * 

b. Building construction and use. 

c. Automotive transportation. 

9/ Estimate expected fuel usage far a specific building, 
based on observations made by the student. 
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-SUBJECT MATTER 



' "AVAILABILITY OF. ENERGY SUPPLIES . ' 

« t 

t , » 

The discussion of energy conservation begins by con- 
sidering the flow of energy in the U.S. economy. Figure 1 
illustrates energy flow, showing major sources, types of 
energy-conversion facilities, and end uses. .The thickness 
of the bars is approximately equal to the relative 'amount 
of energy used in each application. The most important 
sources of energy are presented quantitatively in Table 1. 



INPUTS 



HYDRO 
NUCLEAR 



COAL 



PETROLEUty 



NATURAL 
■ OAS 



ENERGY 
CONVERSION 
DEVICES 




1. HYDROELECTRIC GENERATORS 

2. ELECTRIC GENERATORS 

a INTERNAL COMBUSTION ENGINES 
4. FURNACES. STOVES. HEATERS ) 



USEFUL 
OUTPUTS 



ELECTRICAL 
POWER 



TRANSPORTATION 



HEAT 



!— STACK LOSSES j 
— FROM ENGINES > LOSSES 



FROM GENERATORS 



'Figure 1. Flow of Energy in the United States . 

* g x EC-01/Page' 3 



TABLE 11 PRIMARY SOURCES OF- ENERGY IN THE UNITED STATES. 



Source 


Percentage 


Petroleum 




Natural Gas 


301 


Coal 


• 18% 


Hycfroelectricity 




Nuclear Energy 





Petroleum accounts for , almost half of the energy sup- 
ply;* it i$ used -mainly for internal combustion engines and 
for, heating homes , offices, and factories. .Natural gas 
also accounts for a major fraction'of energy utilisation; 
its major' use is for direct heating. Coal, the next larg- 
est source, is used mainly' for generating electricity. 
Hydroelectricity -is . an- important source of ^electrical power 
in certain parts of the Unite-d States; notably the Pacific 
Northwest, However, hydroelectric plants must depend 'on . 
the force of water .dropping from a substantial height - 
which limits" their usefulness. Application's o£ nuclear • *^ 
energy are^expefcted t-o- increase , yet /the outlook (for nu-* 
clearf .energy) is 'presently clouded ^by opposition of many m 

• 9 i 

^people because of soci-al and ecological factors, .Nuclear 
energy is used for jelectrical generation. 

-\ Other sources' of energy — solar, geothermal, wind, and 
tidal energy — account for only a very smalJL , fraction of 
the total energy used/'-Use of these sources may increase, 
but the rate, of increase will depend on advances ii\ research, 
and development . 
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.Figure 1. and Table 1 do notu include ' biological energy - 
sources, for example, food which is! consumed by human: beings 

or, animaTs . - • * ^ 

** *■ 
The/types of energy conversion devices that. convert . 

energy from primary sources into "useful heat and work in- 
clude ■ generators , engines , furnaces , stoves , and 'heaters 
(Figure 1). Thus , "electrical^ generation , .either by thermal 
generation" or hydroelectric generation, dr^ws upon all pri- 
mary energy sources. 'Transportation is fueled almost -ex- 
clusively by petroleum; and heating applications, rely 'on 
natural gas, petroleum, aifd^coal. 

I There ,are *los§es associated with each conversion. In 
thermal electric generation, most of the energy is wasted, 
and perhaps only about 25% is converted- into electrical 
energy. Interfial 'combust ions are also inef f icient , with,* 
again, about 25* -of the available' energy being converted 
into useful mechanical work;* The ldss associate^ with V* 
heaters and furnaces is mainly ^stack'> loss that^is , the 
heat energy that goes up the smokestack. 

Transmission accounts for a smaller percentage of 
energy loss. About .1% of electrical energy produced at a> 
generating plant is lost, in transmission to the. end, user>. 
Even less is lost in transmission of fuels. For^e^cample , 
virtually^ 100V of tile" oil put into one end^of a. pipeline 
will emerge From the other end. 

Thes^ Losses (illustrated- by .the bars which emerge 
from, th^bottom of Figure 1-) represent energy that is not 
available for producing heat or work. Sinoe energy losses 
consume a large fraction of the total energy input, 'an im- 
portant part of .energy conservation involves reducing these 
losses., * . 
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Figure 2 sJiows various -stages * of ' efoergy losses for 
natural .ga^ and electrical heating .systems, beginning with 
the primary source "(fuel) and ending with, delivery of hear 
to a home (the^lnd user). Natural gas heating involves 
virtually no energy loss in a transcontinental pipeline and 
a flow percent loss in- a local distribution system. The 
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ELECTRICAL HEATING 
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POWER -PLANT 



70% CONVERSION* 
LOSS 



ELECTRICAL 
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ELECTRICAL 
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(USEFUL HEAT A 
DELIVERED 27% J 
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Figure 2) Overall Efficiency of Heating Systems 
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furnace loses approximately 24% of the "heat up the 'chimney. 
Thus, approximately 711 of the total energy contained in * * 
the fuel is delivered to the home as useful heat. In an 
electrical heating system, the heater itself Is essentially 
100-% efficient, that is, all energy delivered to the heater 
is converted to useful heat. The* major loss occurs during 
the generation process. -Approximately 70% of the energy 
contained in the primary fuel is lost during this process; ^ * 
and 3% more is. lost in transmission.. Thjjs , of the original 
energy content of the fuel, only about 27% appears as useful 
heat i,n the home. * . 

The right side of* Figure 1 shows the main end uses of 

'energy: electrical power, transportation, and heat. 

The uses of electricSl power include righting, air 
conditioning, residential appliances, and powering of indus- 
trial, machinery. Transportation is mainly powered "by in- 
ternal con^bus>tion engines which predominantly use petrol'eum. 
Transportation involves automobiles, motorcycles, buses, 
airplanes, boats, and farm machinery. Heating applications 
.include heating of homes, offices, factdries, schools, and 
so fioKh. This latter £<jtegory also includes cooking, water 
heating, and industrial process heating. 

_ In addition, there are' some non-energy uses of petro- 
leum whichi^are not included in Figure* 1. These uses include*' 
production of petrochemicals such^ as^last ics.. and asphalt. 

fable 2 presents an approximate breakdown of the end 
uses of energy. The" breakdown in each category includes 

v the to.tal amount of^energy directed toward each end 'use. 

-Tftus, tl^e 25% devoted tQ -transportation includes the amount 

delivered as useful work plus' the amount lost in producing 

f 

this useful work. , c • - 
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' TAB Lp 2. END" USES ( . 0F\ 'ENERGY. - 



Electrical Power Geneg:ati.0A 






' •'■'2 8% / 


Transportation % ^ " . \ \ 


25% 


* Heating uses 

- Industrial heating 
Residential heating 


■ u 

23 U 
*24%\J 




..' 47% 




Totk 




100% 


» 





•The unit for tota^ energy consumption in the economy 
is the "quad* " c The quad is defined as !l one quadrillion Btu 
(10 15 BtO). H Total energy consumption is. often expressed 
in quads ,in order to 'assure a number of reasonable size. 
,The to.tal energy consumption in the United States in 1975 
was about 73 quads 'In recent years the consumption of 
energy has iatreaSed about 4% per year. 

Figure 3/ shows the rapid growth of total U.S. energy 
consumption over a period of approximately 100 years. This 
condition has led to depletion of naturally occurring energy 
sources such as fossil fuels. Conservation measures^ are 
needed to slow down the growth rate. 
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'NECESSITY OF ENERGY- CONSERVATION 

♦ *• 

One obvious reason for interest in energy conservation 
the economic ^savings that can tfe achieved. The costs of 
ergy are increasing rapidly. Figure 4 shpws the price 
^tT^nd for'the cost of 'natural gas that is delivered to a 
residential user. To' keep costs down, energy conservation 
must be practiced by business and industry, as well as in- 
dividual consumers. Moreover, as energy prices continue to 
ris'e, the economic motivation for energy conservation will 
become stronger. 

. There is another, more compelling -reason for energy 

conservation: the'tot^l supply- of fossil fuels is limited. 

* 

Fossil fuels, such as coal, oil, and natural gas, provide 
most of the energy used in the United States, but only a * 
-finite supply of ^fossil fuels' is available. When thes.e 
£os^ril fuels are used", they will be gone forever. 

According to estimates by H. K. Hubbert*, the utiliza- 
tion -of a fuel wi-th a limited total supply follows a pattern 
first, a rising period, of growth, then a peak, then a de- 
cline- The jDea]^ is reached at a time when 50% *of the total 
supply has been used. ' Usage declines to near zero as the 
supply becomes exhausted. According to Hubbert r s estimates, 
the year of peak consumption for the world 1 s petroleum sup- * 
ply will ^be 1990. At that time half^of all the world's , 
available petroleum will have been used. By 2020 r -90% of 
the total pej^roleum wilJL have been used, and the consumption 
will have declined. Figure 5 shows a schematic diagram of 
the usage^of petroleum by the human race. The exact loca- 
tion qf the peak and end positions in "the diagram. may be 

- *NU K. Humbert, Resource's andMan, W. A*T Freeman and Co., 
Sah Francisco (1969$ . 
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Figure 5. History of Human Usage of Petroleum.^ 

somewhat debatable; still, the basic fact emerges that the 
^petroleum age will be a brief period o'f human- history* 

^ Conservation efforts will' stretch the available supply 
of energy and, at the same time, will allow t ii^e^to_d^yelop 
other renewable sources of energy. Some of the -technologies 
now under development, such as solar energy and .thermonu- 
clear fusion, have been discussed in the Energy Production ■ 
Systems toi^rse/ Such technologies offer hope for the future 
when- fossilVuels are exhausted. Still 1 , conservation mea- 
sures will continue to be important, even when such advanced^ 
energy Sources, ate operational, .the reason bein'g that energy, 
growth occurs at an exponential rate (e Rt ). If the usage 
now is expressed as Uo$ the usage at a time years in the 
future, U( v t) , is shown by the following equation: 



U(t) - U 0 e 



Rt 



, Equation 1 



\ 
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The above figure is for a growth rate of R per, year. Ac- 
cording to Equation 2, the time (in years) that it will 
take for the usage to double (td) is given as follows: 



0 2 . 0.693 
= An H- 



R 



R 



Equation 2 



In Equation 3, R is given as a fraction. If *R is to be 
expressed as a percentage, the following is true:* 



»e^e 



. 69.3 



Equation 3 



As 'a: rule, o t f thumb, 'the numerical factor, 69.3 is often 
rounded- qff to 70. For an example, at a growth rate'of 
5% per-yea/ (an " apparent ly modest rate) r usage will double 
in 14 years., in another 14 years it will double again - 
to fpur, times the original tate. This exponential 'growth 
is sketched in Figure 6, demonstrating that, even for a 
growth rate of 5% per yekr (^rate that doei.-not seem large), 
the "total energy use will grow enormously within several 
decades. 

Thus, it> is not enough "^lfiiply to^see^ new energy sources. 
The exponential ^growth of energy use will overwhelm the ca- 
pabilities of promising new technologies. The development 
of* energy sources must^be accompanied b'y energy conservation 
in order to -hold'down v t^e-exponent ial growth of energy use. 
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PATTERNS OF ENERGY USE AND COST 

The general pattern of energy use in the United States 
Has been upward. The growth rate may be estimated from, the 
data show\i in Figure 3, Using Equation 1., the following , 
may' be obtained: 



in 



or 



r~ u(t) 

L Uo_ 



= R t 



iR = ~ in 



r- K 

U(t) 
U 0 



Equation 4 

, V 



The above figure extends from 1960-1969., a period that may 
be regarded as typical since the growth of energy usage 
was not constrained by considerations of an energy crisis. 
Oyer this nine-year period total' ener^consumpt ion in- • 
creased from 45.5 quads to '66.7 quads. N?f these numbers 
are substituted into Equation 4, the following may be ob- 
tained: v 



0.0425 = 4.25% . 

> fi^ti£t ion 5 



This. growth / rate of 4.25% jneans that the total energy con-, 
sumption would double about every (f 16 * years \ A L A% per year 
growth rate -ha^also been typical for many of tHe individ- 
ual components of energy usage (petroleum usage, electrical 
power generation, and' so 'forth) ; therefore a 4% pattern 
seems to have been set. , 
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Apparently, even the realization that there is an 
energy crisis has not helpe.d rWuce £he growth rate. Fig- 
ure 7 shows gasoline consumption over the 1*950-1978 . period. 
-Gasoline consumption, decreased slightly\in 1974 , following 
the 'Arab oil embargo; but th'eijf it began increasing again 
„at a rate similar tO' the rate before - 19 73? The net- effect 
was simply- a t^o-year offset in the ris ing* curve . 

Although' providing statistics is not the intent &f -this 
module^ *it is significant to note that^the patterji of energy 
consumption in still other areas h&s been similar. For in- 
stance, the growth rate for electrical powe^ has been approx 
imately 4> per" year (through 1978). • Obviously, the American 
public has not learned the importance of energy conservation 

There are* some indication** that the ^growth rate de- 
creased in 1979;' but, as &i tfcis writing in early_1980 , the 
statistics were not fully available. In, 1979 there were 
rapid'increases in the prices of g.asoline and heating oil. / 
In the same year , emergency "contrqls were imposed <5n tern- • 

rature settings in ptfbliC buildings. Thes.e factors may^ 
have* contribute^ to , th.e decrease in growth fate because the 
growth in gasoline usage and electrical -poVei* production , 
in particular, slowed somewhat in 1979.^ It remains to be 
seen whether this fltill be a ^lasting tfend. v 

The costs of fuels* are expected to increase in the 
future. .'Figure 8 shows r some estijnates for the cost of oil, 
natural gas, and coal through. 1990. Of course, such esti- 
mates are Subject to many uncertainties. - The • political 
situation, in the Middle East, for example, can have a sig- 
hificant pffect cm the price of oil. It is ,clear tha,t the 
costs will continue to increase and .will eventually force 
energy conservation on eveyyone. * , 
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The values presented in Figure 8 are 1 presented iiT 
terms lof costs per million R,tu in order to keep costs of^ 
different fuels on a comparable basis. Pricewise, the 
thre^e fuels are expected to keep their relative" r Unkings , 
with oil being most expensive, natural gas second, and coal 
leas t 'expensive . Over the period between 1980 and 1990, 
prices are expected to increase as follows; 

• Oik- fl\5 5 % ' , - % 

• Natural gas — 2.39 ;v v 
•.Coal - 1,. 78 ■ 

There are numerous other factory wh^clT^f^ect future 
energy ifsage, such as thqse listed below: 

• Laws 'and regulations. s 

» 

• Effects on the environment 

• Costs associated .with^ energy -conservation 



Laws and Regulations c 

■ .* 

[ The use of energy and its costs are strongly affected 
by governmental actions/ for many years the United States 
government regulated tlve costs of natural gas and oil pro- 

■ duced in the United. States by controlling the maximum price* 
thTat could be charged for thpse" two fuels. In the late 
L970s, the prices were deregulated and controls were* re-» ' 

( moved-, leading to increases ;Ln the costs of energy. 

The government also influences energy use through taxa- 
tion. 1 Tax credits are offered to encourage energy conserva- 
tion; for e^ampjer credits: o»n personal income tax are offered 
to homeowners who add energy-conserving facilities' (such as 
insulation) to tHeir homes. 
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Environmental Effects** 



. Environmental considerations can influence energy 'costs 
For example, generation of electrical p'ow.er with,coal as a 
fuel sometimes involves advirse environmental effects. 
Burning of coal tl^at^ has ' a high- sulfur content releases 
sulfur dioxide into'the atmosphere. ^ This can be extremely 
undesirable, leading to so-called M acid rains ff which harm 
forest life and* endanger ffs^i life in some lakes. Extra 
^equipment must be added to* smokes tacks to reduce sulfur 
dioxide' emission — which, of course, increases the cost of 
burning coal as compared to other fuels. 



\ 

Costs of Energy Conservation 



* There" are costs' associated with energy conservation. 
For example if a homeowner adds insulation/and* weather- 
strippjLng, there undoubtedly will be cost savings involved; 
however, insulation and weathers tripping cost money to buy* 
and install. For the energy . savings to be worthwhile jto ' 
^tffe homeowner, the cost of the "materials must be less than 
the money saved on fuel. 

The relation between total energy cost and the cost of 
fuel'is sjiown schematically in Figure 9. As fuel is saved 
by .energy conservation measures, the cost of the fuel de-; 
creases. At the same time, the associated casts kncreasew 
The initial fuel savings usually are r^la^tively (inexpensive 
But as one approaches zero fuel usage, it becomes more ex* 
pensive to increase the fuel savings. The -other costs- in- 
clude l?oth capital cost] (the price, of the insulation^ for 
exdmple) and interest on the money invested.. Total cost of 
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TOTAL COSTS s 




FUEL COST 

Figure 9. Cost of # Energy Vs. Fuel Cost. 

J" 

energy service is the sum of the 'fuel cost and the other 
investment needed to save the fuel. Total cost shows a 

m 

minimum 'at some intermediate value di fuel usage. 



ESTIMATION OF FUEL CONSUMPTION 



In many cases it is important to be able to estimate % 
the total amount of energy that will be needed for heating* 
or cooling a specific building. The estimate will allow 
an adequate' amount of fuel to be available, as Veil as pro- ^ 
vide a basis for estimating future energy costs. The esti- 
mate^will also allow fuel to be ordered at a rate to match 
expected consumption. ' 

The most widely used and simple method^ of estimation 
is the degree-day method. Other,, more sophisticated methods 
have b$eri developed, but the degree-day method gives usefUl 
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results in many practical cases . For estimates of heating, 
the degree-day metftad ^assumes that heating in a building is 
desirable when the 'average outdoor temperature falls below 
65°. For a particular day, the number of heating degree- 
days is the number of degrees that the, average daily tern- 
perature is below 6S°* Thus, if the average temperature * 
on a giv*en day is 45°F, that day has 20 heati'ng degree-day-s 
(65 - 45 = 20). If the average temperature is 6S°(for 
greater, then that day has zero degree-days. ^ 

The concept of heating degree-days is useful because 
.the relation between, fuel consumption and degree-days is 
approximately linear! 'Thus, on a day with '40 degree-days, 
twice as much fuel will be used as on aj day with 20 degrees. 
In, addition, the number of degree-days> lis *cuj&ulativ^ over 
a period of time* The total number of decree-days for a 
month is the sum of the number of degree-days for each day t 
in the month. * 

As stated above, a temperature of 65°F is used as the 

^Dasis for the degree-d^y method*. In 1979, an emerg-ency 
presidential order required that the maximum temperature to 
which public bijildings may hfiL^heated is 6,5°F. Because heat 
is released by sources other than the furnace (electric 
lights, for example), heating should not be needed until 
the outdoor temperature reaches some value below -65°F. This 
fact may lead' to some modification of the basis- for the 
degree-day method. However, as of 1980, this modification 
has not yet occurred. ' 9 ^ 

s Weather records are available for locations throughaut 
th^United States* Table 3 presents -the average number of 
heating degree-days for a number of cities. Values are 
presented for each month, and also for the total h'e&ting 
season, which runs from July through the following June. 
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TABLE 3. AVERAGE NUMBERS OF DEGREE DAYS. 
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Yearly 


Yearly 




City 


July 


Aug'J 


Sep* 


Oct 


Nov 


Dec 


Jan 


l : cb 


March 


April 


May 


June 


Total 


To l a I 




Boston , 


0 > 


9 


00 


310 


003 


983 


'1088 


972 


846 


513 


208 


36 


5034 


784 




Chicago 


0 * 


0, 


00 


,279 


70S, 


105J 


1150 


1000 


*868 


489 


226 


48 


5882 


1035 




Dallas 


0 


0 


0 


02 


321 


524 


601- 


4 40 


319 


. 90 


6 


0 


2 50 3 


2590 " 




Denver . 


4 0' 


0 


90 


360 


714 


905 


1004 


851 


800 


492 


2 54 


48 


5524 


64 1 




Detroit 




• 0 


87 


300 


738 


1088 


1 181 


1058 


U30 


522 


220 


42 


0232 


864 




Honolulu 


0 


0 


.0 


0 


0 


0 


0 


0 


0 


0 


y 0 


0 


0 


4459 ^ 




l.o*. Angeles 


0 


0 


6 


31 


137 


,229 


310 


230. 


202 


% 123 


68 


18 


134 9 


1315 




Mi ami 


0 


0 


0 


0 


0 


65 


74 


56 


19* 


0 


ti 


n 
u 


214 


4371 




Mi uneapoJ i s 


•22 


3L-* 


-189 


505 


1014 


1454 


1634 


-J 380 


1160 


021 


2ft8 


81 


8382 


737 


* 


New York City 


0 


0 


30 


2 33 


540 


902 


986 


885 


' 700 


. 408 


118 


9 


487 1 


1191 




l'iiot*nix 


0 


0 


0 


' 22 


2 34 


415 


474 


328 


21 7 


75 


0 


0 


1705 


, 3904 




St . Louis 


0 


0 


00 


251 


02 7 


936 


1026. 


848 


704 


312 


121 


15 


4900 


' 1415 




Seattle 


50 


47 


J 29 


329 


543 


657 


738 


599 


577 


390 


242 


117 


4424 


185 




Washington D.C. 


0 


0 


33 


217 


519 


4?834 


871 


702 


0 26 


288 


74 


0 


4224 


, 1550 
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The total amount o£ fuel aeeded for a given period increases 
linearly with the. number of-cflgree days. Thus, for a heat- 
ing season, almost twice as much fuel would be needed for 
a given^building in New York City (4871 degree-days) as for 
one in Dallas (2363 degree-days). 

The values in Table 3 are averages over a period of \ m 
years 'for each location. The values will fluctuate from 
year to year according to the, mildness or severity of the 
weather. Values are often published in local newspapers , s f 
both for the current day's^ value and for the^ cumulative 
total . 

The amount of fuel may be estimated from the following 
equation: f ' * 



E " fx X E D f X xHv F . • ' EqUati ° n 6 
\ 



-where 



E = Total amount of fuel, needed for a period of time 
in which there will be a total of D degree-days. 
H = Heat loss (given in units of Btu/1 hr) . 
D s Degree-days. 

T = Temperature difference (in °F) between the # indoor 
temperature and the design outdoor temperature 
for which the value of heat loss H is applicable. 
E£ - Efficiency of the furnace (expressed as 'a decimal 

"fraction). Values " around 0.75-0.80 are typical. 
■H v s Heating value of the fuel (expressed in Btu per 
unit volume) . 
F = Correct ion 1 factor . 
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Values o.f H must be- known for the particular building 
size, type v of construction, amount* of insulation, and so 
forth. S6me methods for estimating values of H will be . 
presented in Module EC-02, ''Conservation Principles ^nd 
Efficiency Measurements -Space Heatefs." Values for H v 
were presented, in Energy Production Systems . 

The factor F is a correction- factor that accounts for 
the fact'that the s outside temperature is not always at the 
v design ( temperature, and for tjhe fact that the equation ap- 
plies strictly ^o the case of the furnace bein| ON all the 
time, whereas, in, fact, the furnace will actually cycle ON 
and O'FF. in practice/, the 'value of F is often close to one, 
For purposes o^ this jmodule , it will be assumed that F is 
equal to one. For mdre exac^—nreamirement s , a more accurate 
value of F should be used. 



EXAMPLE A: ESTIMATING NATURAL GAS REQUIREMENTS, 



Given: 



Find: 
Solution: 



Assume that the design heat loss of a small 
office building in' Minneapolis for a particular 
heating season is 500,000 Btu/hr for a design 
tem p era ture of -15°F outdoors and 65°F indoors. 
The natural gas has heating value of 1050 Btu/ 
-ft 3 , 'and the .furnace has an efficiency of 80%. 
-Estimate the amount of natural gas required. 
According to Table 3, the total number of heat- 
ing degree-days in Minneapolis is 8382 for a 
full heating season. Substituting the approp- 
riate values in the equation gives the follow- 
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Example A. Continued, 



V 



Fuel consumption = 



500,000 x< 8382 x 24 , 
[65-C-15) ] x 0.8 x 1050 x 1 



= 1,497,000 ft : 



Equation 7 



This is the estimated amount of natural gas 
needed for the heating season. ' ■ 



The estimates of energy needs by the degree-day method 
♦will vary according to the practices and habits of the 
building's, occupants. The degree-day method has the advan- 
tage that fuel consumption rates are reasonably constant , 
fpr a^ given number of degree-days. The fuel tfsed over a 
period that has 100 degree-days will be the same — whether 
the 100 degree-days are accumulated within only a few days 
or are spread, over a longer period. Thus, estimates based 
on actual experience may be made for a particular building. 
The amount of fuel .used in a period 'of time is measured, 
and the number of degree days in that period are obtained 
from weather records. Then, based on average weather rec- 
ords (as representee! by Table 3') , fuel needs for future • 
periods can Be, estimated. 

The degfed-day method may be expected to give estimates 
that are reasonably accurate for many cases. Improved esti- 
* mates may be obtained with more ^opjiist icated methods that 
have been developed in recent years . 

;The degree-day method is also used to ^s^imate cooling 
loads. This can serve as a me,asur6 of air conditioning 
requirements. For estimate? o£ cooling, the" degree-day 
method is 'based on the assumptij/ofc that air conditioning is 
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desirable when' the maximum temperature rinses , above 80°F. . • 
The number of cooling degree-days is defined as "the dif- 
ference between the average daily temperature and 65°F." 
Thus, if the average' daily temperature is 75°F, there will 
be 10 cooling degree-day^. For the average "temperature to 
be 75°F; presumably the maximum temperature will have ex- 
ceeded 80°F. Jror days on which the average temperature is 
65°F or below, the degre-e-day total is zero. ^ y 

The basis of the cooling degree-day measurement is 
t 65°F. The 1979 emergency ^presidential order requires that 
minimum indoor temperatures in public buildings be main- 
tained at 78°F during the warm part of the year. This fact, 
presumably, would affect the calculation of cooling degree- 
days, arnd could affect the' choice of the base temperature 

of 65°F. As of 198Q, the definition of the cooling degree- 

t 

day has not yet been changed. , ^ ■ 

Values for the average annual total number of cooling 
degree-days for a number of iities* are presented in Table 3. 
The use of the 'simple cooling degree-day method for estimat- 
ing caoling requirements is undoubtedly an overs iijipl if ica*- 
tipn. It does not take into account factors such as humid- 
ity. When relative humidity^is high, more air conditioning 
may be needed to maintain comfort. A composite index, com- 
bining temperature and humidity, has been^ sugges ted as pro- 
viding a more accurate measure of cooling requirements. 



CONSERVATION IN ENERGY-USING EQUIPMENT 

There are many common devices and systems which use 
energy in homes, offipes, factories, and other buildings 
These include the following: . 
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• Heatings cooling, and vent ilating systenig 

• Hot water and steam supply 'systems * 

• Lighting systems ' / 

•Industrial equipment (such as electric motors) 



HEATINCff GOSLING, AND, VENTILATING SYSTEMS 

op 

■ The heating or Cooling system should be matched, to the 

» * 

building. When energy wa*s relatively inexpensive, some 

* ^ ■ 
designers would habitually specify a heating or f cooling 

« $ - ' 

system too large for the space. A heating "or cooling sys- - 
tern which is too large can waste energy. . « v ^ 

Proper tune^up and maintenance 'of a heating and cooking 
system are n.eeded to ensure that it performs with good effi- 
ciency. These are two of the greatest possible sources for 
energy conservation. 



HOT WATER AND STEAM SYSTEMS 

"~ i / 

In homes and office buildings, a, significant fraction — 
approximately 15-20% — of energy usage Is for heating wat.er. 
In industry, where steam is widely used for processing mate- 
rials, the percentage may be higher. 

'Today's hot water and steam temperatures may be set 
too high since temperature* standard^ wjtich were set long 
ago when energy conservation was not a serious issue may 
still be in effect. ^In view of * this, proper temperatures • 
should be re-established, and-oontrols should be re^t to 
comply with moderA-day requirements.* 

/ • 
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* ' Temperatures of hot water or sfcajjli should be* lowered . 

at 'night or .at times of' minimum, use *\ Automatic controls 
which' turn the temperature up and down; as needed, can save 
important amounts of energy. 9 y v # - 



LIGHTING SYSTEM 

* * • * 

In some cases, buildings are lighted excessively 
i)s another energy wasting practice that is attributable 
in e'ra -when Jight energy was inexpensive and the illujnin^ 
tion engineer could error M on the safe side fl ancf specify . 
high levels of ".lighting. ■ Now, with energy costs^ rising , 
the illumination engineer must spe'cify actual light levels 
neeHed for safety and proper work performance. 

Unnecessary lighting is a-thing-of the pa?t. Imagina- 
tive, programs which reduce and control lighting of buildings 
are now widely used. 



INDUSTRIAL EQUIPMENT \ , 

* " Many varied types of industrial equipment use energy. 

( One specific example is* an electrical motor, proper main-. 
. tenance of this motor or any similar equipment can save 

energy. Moreover, equipment can be selected to suit the 
' load, assuring optimum efficiency. ln« addition, certain 
operations can be rescheduled in order to control peak de- 
mand; ' : * .* , * * 

By employing propeS: equipment selection, optimized * 
operating procedures, and good maintenance, the industrial 
user can improve the us^ge of energy by electric*motors and 
other equipment. 
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A CONSERVATION IN BUILDING CONSTRUCTION _ AND USE 

Much of the^energ^ consumed in the United Slat-es- is 
used for heating or cooling of buildings — homes, offices,, 
factories, and so forth. Heating and. cooling are employed 
to help-maintain human comfort inside the buildings yfhen 
the outside temperature is either low or high. Even when 
a building is empty, some heating or cooling may be needed. 
For example, a "home must be heated during winter to avoid * 
the . damage that Q^; t occur when^water pipes burst. Thus, 
there are great ^?^psi^Ttiifiities for energy savings related to - 
building heal^^g and^cooling. -These opportunities will be * 
discussed in '^ater inodule^in" this^ course. 

The mai^thrust o£ energy conservation in building 
heating and tjpool^&S is prevention of heat transfer between ■ 
inside and prts^^ — whi^ch involves various methods, of in- s 
sulat^ion.* ' The -he^'^ransf er * issu^e will- be discussed in view, 
of the following aspects: * 

• Sealing of heat leaks 

• Building construction * m 

• Heating and cooling equipment- operation . . 



\ 

SEALING OF HEAT LEAKS 

( ' '. 

Heat is transferred through many surfaces and struc- 
tures within a building. Specifically, heat from a building 
that is being heatyed in winter iflay be lostj-due to -the fol- 
lowing structures: ^ 
• Roof 



N 



Walls 
Floor 
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• Win,dow§ . " w 

• Doors * t 

• The common appraach is to add insulation and weather- 
stripping to reduce, heat Lo'Ss • 9 The type, of insulating 
material varies for each of the structures listed ab,ove. 
Details fftr insulation requiremeft^s/ill be presented* in 
Mo'dule EC-02. ^ 



BUILDING CONSTRUCTION : 

9 

x 

For an existing building, one conserves energy by 
measures such as' adding insula.tion, storm windows ; and so 
forth, and by improving furnace efficiency, feut for £ new^ 
building, there are other measures which can improve energy 

Efficiency. These can range from simple factors *such*as 
the direction the hou'se faces to elaborate ones such as the 
construction of an earth house (buildings covered with a 
layer of earth on all but the- south side^) . ' • 

A,' relatively easy measure of conserving, energy fox any 
ji,ew Imildifig is to utilize south'-facing windows which will 
pollect solar energy during the day, . In addition-, it is 

Relatively easy and inexpensive to upgrade - insulation and 
install storm windows in new xonstruction. • 

•Other desigft modifications becomfe more v . elaborate , in; 
eluding items -like solar Vails and panels, solar "hot water 
heating, multiple zone furnaces, and cdhstruc£ion of earth 

.buildings.. In general, the technology is "available to con- 
struct buildings- that reduce energy- consumption. The added 
construction costs are^usually relatively small and are off- 
set in a sjlort'time by energy savings. 
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HEATING AND, COOLING EQUIPMENT -OPERATION 

The methods of using' available heating and cooling 
equipment can- be imp.roved to provide significant savings. 
"Simply turning the thermostat tflovfrn in wintex— ox up 1 in summer 
is an important ei\ergy-saving measure. Moreover, proper 
maintenance and tune-up^ o'f the heating" or cooling -system is 
important — as was -discussed earlier, • This includes .not; 
only the furnace and cooling ynit, v but the following acces- 
sory equipment: * ~. • 

• Ducts , 

• Piping and tubing 

• Vents and louvres 
•-.Filters • 

• Dampers 

An energy management plan, with controls to stop and 
start the equipment on a programmed schedule, caft provide* 
savings. Heating equipment can be turned on automatically 
in the morning when heat is needed, and turned^off automati- 
c&lly_when heat is not needed. 

.At times when temperature and humidity are appropriate, 
further savings can" be achieved by use of outdoor air. Fans 
can *bring outdoor air inside / or N mix outdoor air. with heatecl, 
or cooled indpor air/* Howevel*, to do this, sensing devices 
are needed for both indoor and outdoor conditions, and ajuto- 
mated devices are needed to mix the outdoor air in proper 
proportions* Such devices can rapidly pay for their cost. 

Thjus , proper use of heatii\g and cooling equipment £an 

lead »to substantial v energy savi^l^s without sacrifice of 

human comfort. % , 

** * i * ' * * « 
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ERVATIQN I^f TRANSPORTATION 



According to Table 2, about 25% of the energy usage 
in the United! States is for ' transportation. This category 
includes private automobiles, commercial transportation 
services (airlines, railroads, and so forth), .and farm 
machinery. 'Because of the lar-ge amount of energy iAvolved, 
there are^NojanV important possibilities for energy conserva- 
tion' in the transportation field: ' " 
* Most of the vehicles used in the United States, and » 

virtually a-H. the automobiles, are powered by^ internal 
combustion engines. In an internal combustion engine, the 
fuel, is' burned inside the engine in a confined v6lume. This 
produces high pressure- gases which expand to move a piston, 
wh'ich, \n turn, causes a shafts to rotate. The internal Com- 
bustion' engine differs 'from heat engines in which. the fuel 
is burned outside % the engine.. . % 

The greatest opportunities for energy cpnservation in 
the transportation field involve the automobile fleet, which 
consists- of tens of millions of vehicles mainly owned by. 
individual owners. Because the ^ownership of automobiles, is 
so widespread, there are probably fewe'r opportunities for . 
energy conservation ^technicians in the automotive field. 
In addition, there is already a specialized body of techni- 
cal personnel involved in the care and maintenance of auto- 
mobiles: auto mechanics. Thus, detailed training in con- 
servation, of energy in th ^automotive- field is outside the 
s*cope/of this course, and there is not a separate module 
devoted to this subject. *~ 
A Howe^xy-because-- o-f -t be impoi^nt— saviivgs^ — 



that can be achieved with respect .to automobiles; some -of 
'the important possibilities will be briefly mentioned- The 
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approaches to energy conservation involve choice of car * 
- and equipment, maintenance, and driving habits. 



CHOICE OF CAR AND EQUIPMENT 

Obviously the first possibility involves choice of an 
.automobile with good mileage capabilities. , Mileage figures 
for automobiles are published by the Environmental Protec- 
tion Agency and ar^ widely advertised by autojnobiJL^manu- 
facturers. Because actual mileage will vary, dependfAg on 
the individual's use and driving habits, the published num- 
bers cannot be relied on as absdlute numbers. Rather, they « 
should be considered as a relative comparison between differ- 
ent models of. automobiles. 

The choice of accessory equipment will affect mileage. 
An automobile with a standard manual shift t ransm^sioji^-vdLlJL 



deliver higher mileage than the same model with an automatic 
transmission. Addition of many powered options (power brakes, 
'power steering, air conditioning, and so forth) will reduce 
mileage. 1 > 

It is also well established that radial tires offer- 
improved mileage » as compared to more conventional bias-ply , 
tires. 



MAINTENANCE 



« Proper maintenance* of an automobile can considerably 
increase gasoline mileage. * Regular engine maintenance, 
including the electrical system (spark plugs' and cables, 
distributor points and timing/ and so forth) and the fuel 
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system (carburetor operation) can maintain good mileage. 
One misfiring spark plug can substantially reduce, mileage. 
'The emission controls should also be properly maintained 
to ensure goo.d mileage. There is no question that addition 
of emission controls has had an adverse effect on mileage; 
however, ^tfre* emission control sys tems^ar^lneeded to help 
maintain clean air. These controls peVrO-fm their function 
best when they are properly serviced and maintained. 

Tires should be properly /inflated 'since under-inflated, 
tires have increased rolling resistance and, therefore, 
decrease fuel economy. Improper inflation — under- inflation 
or over-inflation - will lead to excessive tire wear and 
decreased life. Wheel alignment should also be properly % 
maintained since misalignment can lead to decreased mileage. 



DRIVING-HAB-I-TS 



Prbper driving habits can increase fuel ^conomy. Mile- 
age decreases as speed increases (beyond about 40 miles per 
hour).^ The 55-mph speed limit was adopted primarily to help 
conserve gasoline, and adherence to this law has resulted/in 
reduced fuel- consumption. 

* Acceleration from a -stopped position to normal driving 
speed can Jinfluence fuel econ&my. A high-acceleration !f jack 

rabbit" start is wasteful of fuel*. A light touch on the 

1 

acceleratdr is beneficial;- and such. M feather-fboted" driving 
carl improve gas mileage. * 

During 'highway driving, a constant speed should be 
maintained as much as possible, with an even pressure on 
the gas pedal.- Stops should be anticipated, so that t.he 
car approaching a stop light can gradually coast to a stop. 
A quick stop wastes gasoline. 
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I * This above discussion is by no means a complete guide 

to the saving of gasoline in automobiles. Rather, it sum- 
marizes briefly some of the important approaches to fuel 
economy. 
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EXERCISES 



-J 



l/ Describe the flow of energy in the U.S. economy,- in- 
_ eluding the following: 

a. The nature of the primary sources 

b. The* energy conversion devices . 

c . ' The end uses 

d . The losses 

2. If the, use* of a particular resource is increasing at * 
a rate of 7% per year, approximately how long will it 

-take for the use of the J fuel to double? 

3. State at .least three reasons for energy conservation. 

4. Describe the lQng-term historical use of petroleum in 
the. past, present, and future 4 

5. v Discuss the costs of natural gas, fuel oil and coal, 

and^the expected price trends for each. 

6. In a large offiGe building in Detroit, a total of 

50,000 gallons of . fuel oil is used for heating in the 
period October-November. About how" much fuel oil may 
be expected to be used in the period December-March? 

7. Describe the historical .pattern of energy usage in the 
U.S. 

8. Discuss methods of energy conservation in the following 
areas : , - . 

a. Energy using equipment — 

b. Building construction and use 

*c. Automotive transportation . 1 S ' 

"9.- * Carry out procedures to estimate fuel usage, for a 

specific building-, based on observations made by the 
» student. > 



j 
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LABORATORY PROCEDURES- 



In this exercise, the student -will need to have .access 
to data which shows how much fuel a particular building uses 
during part of the heating season. This could be the stu- 
dent's home, .a school 'building, a small office, or «a* store. 

1. Measure the fuel usage ovef a three-day period. The 
, measurement igay be any of the following: \ 

, a. Measure the readirig of the gas meter, 

b. . Measure the level of fuel oil in the storage tank, 

c. » Measure the reading of the electric meter,- 
Make measurements at thue beginning .and end of the 
period. ' / 

2. Estimate energy that, was used for purposes other than 
heating the buildfi^p. For example/ natural gas may be' 
used in stoves, ovens, gas clothes dryers, and so forth 

Estimates; for av rage energy consum ptions of such 'items 

may often be obtained from the local utility company. 
For electrical devices, the rating- in watts - is 
usually stated on the device. Estimate the amount of 
time each Item is used and multiply this by the use, 
rate in order to obtain an estimatd of the total energy 
used by such items. Subtract this from the total usage 
to obtain the amount of energy used for heating the 
building. 

3. Obtain the actual number of heating-degree-days in the 
immediate locale during this three-day period, as well 
as the average annual number of degree-days. These 

• numbers may be- obtained from the weather service if 
they are not- listed in the* local newspaper. ^ 
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4. /Divide the energy used for Seating in the three-day 

period by the actual number of degree-days within tljat 
thres-day period. This figure gives the energy con-* - 
sumption per degree-day. 
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TEST 



Fill in the blanks. 

l). .The prime sources of energy in the U.S. economy are 

petroleum, ? , fc 

and ' . 

2. The main end uses of energy in the U.'S. economy are 
heating, , and 



If the use of a resource is increasing at lOVper 

year, it' will take} years for the total usage to 

double. "•I 

Of coal,, natural gas, 1 and petroleum, the most expensive 

(per unit of heat energy) is , and the least 

expensive is _^ . 

According to estimates by M.K. Hubbert, by the year 

2020 about *.of the^total world supply of petroleum 

will have been .used. ) 

The number of degree-days on a particular day is the 
'number of degrees that the average daily temperature 
is below j °F. 

Suppose that a certain building ^requires 10,000 gallons 
of J fuel -oil for heating in No.vember, when there are 
600 degree-days, recorded. In .this case, if December 

has 900 degree-days, '.gallons of fuel oil will 

be used. 
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INTRODUCTION 



"Conservation Principles and Efficiency Measurements - 
Space Heating 1 ' presents practical techniques for conserving , 
energy in heating systems. Energy conservation is discussed 
as it applies td the following aspects of a system: 

• Improved furnace operation 

* Control of outdoor air 9 

* Improved~1ies&ting coil^o'peration * 3^ 

• Control of fan operation V 

• Individual room control , • 

Several measurement and analyses techniques are presented, as 
well as methods and procedures for improving system effi- 
ciency and reducing heat loss. > 

This^odule particularly, emphasizes energy pavings that 
can be achieved with automation an'd control of, the heating 
sysfcefli. . Wi^h controls, the %yst*em supplies only as much heat 
as is required and supplies thd heat only when and where it 
is actually 6 needed." 

* When "energy wa§ 'once* considered plentiful, wasteful de- 
sign philosophies were of teA * incorporated into heating. sys- 
tems"? Heat was supplied liberally, witfitHjt concern for how * 
much energy was wasted.' However, this approach is no linger 
valid since actual heating need§ o,f a building can now be 
evaluated and regulated. Heading functions caji be controlled 
so that heat is <deliver$d only to the parts of the building 
where it is needed, an^fFonly \^^l't is needed. " Thus, the 
heating' schedule can be adjusted to the occupancy of the 
building, including such things as morning startup, evening » 
shutdown, janitorial schedules, and weekend and' holiday hours 
Large savings in energy are possible without modification to 
the building or to the heating system simply by proper 
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control of system operation. The techniques to accomplish 
this will form the main part of this module. 

Relatively minor modifications to the* heating system can 
also save energy. For example, changing the dampers on the 
outdoor air inlet to reduce leakage can be significant. This 
module will describe Such modifications. m ^ 

. The major issues of building construction and materials 
will be referred to later in Module EC-07. Module EC-07 will 
discusjs such thing's as adding insulation and storm -windows 
in order to reduce heat loss in existing buildings^ and fac- 
tors such as choice of site and type of construction in order 
^to reduce heat loss in buildings to be constructed. 

This module wiT^l emphasize public and commercial build- 
tfigs*, rather than homes. The .general features of energy con- 
servation "in homes are similar, of course; but because of 
size, home heating systems are less adaptable to many of~tKe~ 
con trol measures which will be presented. The main thrust in 
* this module -will be concerned with the heating systems oiT * 
•buildings, such as offices, factories, schools, hospitals, 
apartment buildings, warehouses, and so forth. 

The procedures presented in this module are compatible 
with the comfort of the occupants. This is an important fac- 
tor. If the comfort of the people in the building is not, 
maintained, the morale and productivity of the workers may 
drop. This would be a loss' that would more' than offset the 
possible energy savings. Thus, th-e-cmitrol measures to be 
described will<&elp eliminate' wasteful and unnecessary uses 
of heating energy, but^ ^at the same time, will maintain the 
t needed comfort level of 'the Building occupants. 
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PREREQUISITES 



The student should' have completed. one year of high 
school algebra, Unified Technical Concepts I, II, and III , 
Fundamentals of Energy Technology , and Energy Production s 
Systems . • 



* ? ' ' OBJECTIVES 
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Upon completion of this module, the student should be 
able to: ' 

1. List, describe, and explain conservation methods related 
to the following: v__ 

a. Improved furnace operation. 

b. -Control of outdoor air. 



c. Improved heating coil operation. 

d. Control of fans. 

e. Individual room control. 

2. Perform calculations related to energy savings produced 
by the following: 

a. Improved- furnace operation. 

b. Control of outdoor air. 

* c. Improved heating coil operation. 
» d. Individual room control. 

3. Prepare an energy survey for a specific building. 

4. v For a particular .furnace", determine the following: 

a. If the furnace is oversized. 

b. The flue gas temperature. 

c. The "flue gas composition-. * , 

d. The furnace efficiency^ 
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SUBJECT MATTER 



CENTRAL BUILDING CONTROL 

Many of the conservation methods described* in this mod- 
ule rely on control of the heating system to direct the heat 
only to areas #here it is -needed and at time^ 'when it is 
needed. This' may be doue according to a time schedufe^ or 
it may involve a response to changing conditions. The temper- 
atures at various locations in the building may have to be 
measured and used as input to the control system. 

Heating in a small building is relatively easy to con- 
trol. In a home, for example, one thermostat often controls 
the entire system. _ This thermostat may 'be operated manually 
(for instance, set back to a lower degree at night); or it 
may 'be repl aced with ,a ^clock thermostat which will^e|^jche_ *_ 

thermostat *at fixed times each day. 'Ror small bui(Lrfijigs , 

v - ' 

there is* no need for a sophisticated central control. 

- Large buildings may consist of hundreds of r6oms, each V 

with its own thermostat. Motorized dai&pers in the -ducts 

could~be added to the system to control the flow of heated 

air since the demands for heat may vary in different parts of f 

the building. In SUch^a case, manual reset of the individual \ 

thermostats is obviotisly impractical. Individual automated 

thermostats at each location would be more expens ive* than a ' 

central controller. They woufld also be less, efficient be- / 

cause- each thermostat would respond only to the needs of the/ 

-individual area that it serves,' not to the needs of the en- 1 

tire system. . * " / 

The development of centralized automated control systems, 

can previde an effective meanS for energy management in 

sonata. y large b.uilding. Such centralized systems can monitor 

the" needs of all parts of the\uildihg 'and, at the^apie ftiyx€, 
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provide increased efficiency in the use of the heating plant. 
$uch Systems have become popular in recent years, mainly be,- 
cause of the increased emphasis on* energy conservation, . but 
also because of technological" advances in small computers. 
Small computers capable of controlling a building heating * ■ 
system have developed rapidly in sophistication without their 
cost becoming .too prohibitive. Thus, an improved computer 
Technology has aided in automation of building heating. 

A centralized building control 6ystem under the control, 
of a small computer can accept inputs from many measuring de- 
vices, monitor < conditions in di££er£nt parts of the building/ 
*and control the operation of ail. components in the heating 
system ' (boiler , heating coils, dampers, fans, and so forth). 
The^ Complete function of a building heating system can thus 
"be" optimized ; that is, comfort can be maintained in^£ccupied 
parts of the building with a minimum expenditure 'of energy. 

1 In addition to controlling the -heating system within a 
building, the central? control system a^-so, can be used to mon- % 
itor and automate many other functions-, si^ch as -the following-: 
Building air conditioning 

Operating schedules of othfer equipment in the building 
Control and limitation of peak electrical demand 
Monitoring of fire alarm -systems ' 
, Monitoring of building . security system's 

A centralized energy, management system does more than 
just save energy by adj*us;ting indiWdual independent thermo- 
stats. The central controller gives the information needed 
toNu*&lyze< and reduce the energy consumption for heating. It. 
can tie together" all ' the energy 1 using components (boilers, ^ 
chillers*, motors, pumps, *fans^ dampers, lighting/ and scf 
forth) into a .sfiigle system. The controller centrally. 
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collects building operating ^data .on a real-time basis, pro- 
cesses the 3ata, and then automatically exercises the needed 
control over all parts of the system. Complicated timing 
schedules, suca as varying occupancy in different parts of, 
the building on weekends, during holidays, and so forth, can 
be util ized .by, the controller, Again, the net result is bet- 
ter control over energy waste and reduced total energy - ex^ 
pe'nse. ' } 



The control system operates automatically. It. does not 
require the attention of an operator. At the same time, the 
control system has the flexibility of manual override by the 
operator when necess.ary. It can also present to the operator 
information on conditions in all parts of the building. The 
information can be- presented a's a printout from a teletyp s e- 
'writer or as a display on a television screen.* 

As a rough approximation, consider that a central build- 
ing control system might become attractive when the - total^-^ 
floor area of a building exceeds 100,000 square feet. This 
value can be higher or lower>^ depending on patterns of build- 
ing occupancy and on the presence specialized equipment. 
Consider, too, that although buying' ah individual control ; 
system for smaller buiWings may not be practical, contract- 
ing for an,' automated- control system from companies that pro- 
oVide N such services to customers on a time-sharing basis may 
be practical. - * 



STRUCTURE OF HEATING: SYSTEMS 

Theret are several types of heating systems in use. »' 
Although each has features that are unique', many similarities 
are often encountered. Some of the more common types of heat- 
ing systems ,will be, described in the next few pages.' 
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some cashes, the heat ing system, is- intes^rated into a 
total system which also includes cooling andv^gntilat ion . 
Naturally, this type of system is called a heating, ventilat- ^ 
ing, and air conditioning (HVAC) system. Although this mod-* ' 
ule basically is concerrfed with heating, some systems consist 
of functions of heating, ventilating, and air conditioning 
which*are so tightly interrelated that, the heating part can- 
not be described separately. Any discussion of this type of 
HVAC systerfi within this module will' necessarily include, srome > 
description of the components used -for cooling". ^ 

* Heating systems may involve Vransfer o'f a heated mediuitf 
from the furnace to the area which is to be heate*d. Media 
which are -commonly used ihclude: warn* ai^f, hot* water, and 
steam.- The working 'medium used in a HVAC system Is usually ^ 
warm air-. Many of hhe HVAC systems which do rely on circula- 
tion of warm air are used in offi£es, factories, schools,, and - 
so forth'. Therefore, the following paragraphs emphasize warm 
air systems. \ 

The furnace is the heart of a heating system.** Figure 1 
shows a schematic diagram of a typical gas-fired warm air 
furnace. The gas is mixed with* air for combustion and burned 

-irw-th£-- burner section-*- The- hot product s of Combustion ex 

change their heat in th£ heat exchanger section £nd warm the 
air — whiqh is then circulated to the.'^space that is to be 
heated. The" .air comes from the cold air return duct, return- 
ing from the heated space. The combustion products are ex- 
hausted through the flue and up the- stack. To ensure proper 
exhaust of the combustion products ,' some t draft air also flows 
up the stack. This i^s done -to keep combustion products from 
te-entering thq building. The "system in Figure 1 produces 
warm air .which is circulated directly' to the areas, (space) 

r 
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Figure 1. Schematic 
View of Gas-Fired - 
Forced Warm Air 
Furnace . 
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that need heat. Cool air from the space is returned through 
the re.turn air ducts to the furnace for reheating. 

Other approaches involve exchanging the heat 'from ^the 
combustion products to heat water. The water may be heated 
and circulated as hot water, or* it may be* boiled a and circu- 
lated as steam.- For direct heating* hot* water or- steam may 
be circulated through radiators located in the space to be 
heated. However; radiators are not often used in modern pub- 
lic buildings. A coirtmon approach* is to use a method which 
allows the water to be heated through exchange with the com- 
bustion products and then the resulting hot water or steam to 
flow through coils. The aii 4 that is to go to the space 
flows around the 'coils to be warmed; then it is circulated^ to 
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the space. This system involves a boiler, where the water 
is heated, and coils, where the air is warmed by contact with 
the surface of the coils. y The design and structure of boil- 
ers are described in the course entitled Energy ftroductfipn 
Systems . The structure of two types of heating coils is^ 
shown in Figure 2. As hot water' or steam flows through the 
interior of the coils, air flows over the outer surface of 

; / 

the serpentine coils and is warmed. The warm air is zhen 
use'd. for space heating. / 

The chamber containing t^he' heating coils is sonvetimes 
calleti a' hot deck/ (Similarly, a chamber containing cooling 
coils to cool air is called a cold deck.) ■ 



WATER OUT 



AIR FLOW 



WA7&R tN 
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n 



WATER OUT 



, AIR. FLOW 




WATER IN 



Figure 2. Typical Coil Arrangements 
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The following is a list of eight components that comprise 
this type v of heating system: 

1. Wns , which circulate,, air through ducts. 

2. ^Dampejrs, which open and close to allow air to flow 
through a duct or to be cLosed off. In- an automated 
system ;the dampers may be driven by motors. 

_*L >r ;Tjnlet ah y d outlet registers , through' which heated air 

flows into the space to' be heated and cooler air re- 
turns from the space. 

4. Thermostats, which control, the demand for heat in a 

particular space. A common type of thermostat consists 
of a bimetal strip that is composed of two different 
metals in cpntact with each other, ytfs'the temperature 
changes, tjie two metals expand at different rates, 
causing the strip to bend (Figure 3) . This bending 
determines whether an electrical contact is made or 
b A roken and^ thereby controls the operation of fans," 
dampers, furnaces, and so forth. In practice, bi- 

4 

metal strips are wound into spirals rather than ^straight 
strips , 

_5 A Water/ p umps, which c ontrol t he flow of wate r and pump 

water from the boiler to the heating coifs. 

6. % Heating coils, which are filled with water heated by 

the furnace. *Air flows over the surface of the heat- 
ing coils and is warmed. Heating coils usually have 
serpentine forms in order to provide a /larger contact 
surface for heat exchange to the air. Some examples 
were shown in Figure 2. 

7. Valves / which open and close off the flow of water in 
certain parts of the system according to demand. The 
valves may be electrically* actuated in automated systems. 
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ELECTRICAL 
CONTACT 



A. 
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HIGH EXPANSION METAL 

/\ 
/\ 
/\ 
/\ 
/\ 
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A 
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LOW EXPANSION METAL 



Low Temperature \ 
Electrical Contact fexista 




High Temperature - 
Electrical Contact Broken 



Figure 3. Bimetal Strip. 



8. - Filters^, which are used to clean the air flowing through 
tjie ducts . 

' Perhaps-~4;he unost common- HVAC-^s-tem^is the single-duct, .. 
single-zone sys'tem, , illustrated in Figure 4. Intake,, air is • 
heated through heat exchange with' the heating coil and is 
then circulated to' the heated space by the fan. The temper- 
ature may be controlled by varying the temperature of the 
heating coil, or by turning the system on and off. Ther'e may 
be a preheat coil, especially in very cold climates. The 
heating coil and preheat coil are supplied with hot wat?r or 
steam from the boiler. 

Cool air returns through the return air register Part 
of the return air may be recirculated through the heating . 
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Figure '4 
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coil-. In winter, of course, the return air will be warmer 
than outdoor air. . To reduce heating requirements, as mucj 
return air should be utilized as possible; however/ some 
make-up air from outdoors must be used to satisfy ventilation 
~r fcquir em£n t s . The flow rates- in the different parts of the 
system are controlled automatically by -t-he dampers. 

Single-duct, single-zone systems may have problems sup- 
plying uniform temperatures in a large building since heated 
•air must flow a longer distance through the ducts to reach 
the most distant part of the building. In this case the 
heated air cools slightly along the way, and the result is 
\uneven heating. 

Terminal reheat systems were devised to overcome the 
problem of uneven heating. First, the heating coil produces 
air that is warmed to a common temperature — often 5$°F. 
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Then the air ' receives .additional heat from reheat coils lo- . 
cated near the place Where the air enters the space to be 
heated. The boiler supplies the reheat Coils with hot water 
or st^am. The temperature in each area (zone)- to be heated 
is controlled by the thermostat for that zone; in other words, 
each thermostat acts on its reheat coil to produce the de- 
sired temperature for the 'zone. A system that uses terminal 
rehea't — where the temperature of each zone may be controlled 
independently - is illustrated in Figure 5. Zone optimization 
for saving energy in terminal reheat systems is described 
later in this module. 




AIR EXHAUST 
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Figure, 5. ' Terminal Reheat System. 

A multi-zone* system, illustrated %xi Figure j6, offers an- 
other method of controlling temperatues^ independently in each 
area of the building. This. type of system is an example of 
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Figure 6. — ^ulti-Zone System, * 

the intermixing oF heating and cooling functions. Heated air 
*is produced by the h^atiir^coiis and cool air is produced by 
the cooling coils. BofciL heated air and cool -air are deliv- 
ered to each area andfmixed in the proper proportions to pro- 
duce the desired tempVfatWt; . ■ The 'thermostat controls the. 
.dampers, which are the devices that jriix the air. 

Multi-zone systems are potentially wasteful. ' Energy 
must be used to provide both cool/ing and he&trhg; but when 
the air is mixed, part of this Energy # ^jcpenditure .is nullified 
and part of the energy is wasted. Proper adjustment of the' 
system - which will minimize energy waste - will be described 
later in this module. * * , 
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Dual-duct systems also intermix the heating and coolijig 
functions. Both heated and cooled airfare carried to the 
space, and the temperature , of the space is controlled by the 
relative amounts of reach o£ these two- components that are 
allowed to enter. The thermostat controls the operation of 
the dampers. -'A dual-duct system '(Figure 7), differs from a 
multi-zone system in that separate ducts are used to deliver 
the warmed and cooled air. 
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Figure 7 



COOLING COIL 

Dual-Duct . System. . - 



Like the multi-zone system, the dual-duct system is 
o potentially wasteful of* energy. Proper control of the system 
is essential to prevent this from occurring, Again, methods 
-to minimize energy waste will be described later in this mod- 
ule. 
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Variable -air -volume w $ys terns are similar to single- zone , 
single-duct sysTemsl but they offer improved control over the 
temperature -in diff erent • areas of tl^e building. In ^ vari-^ 
ab^e-air-volume system (Figure 8) , the temperature in the 
space is controlled by the flow rate of the heated air going 
into the space. The flow through the damper is controlled* 
by -the thermostat. This modification of the single-duct sys - 
tern allpws separate control of the temperature in each zone 
by varying the amount of air of constant temperature. 
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• Figure 8. , Variable-Air-Volume System. 

The variable- air -volume system offers* the potential for 
energy savings as compared to multi-zone and dual-duct sys- 
tems. Conversion to variable-air-vo'lume operation is. de ( - ( 
scribed later in this module. , > . ' 
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The preceding discussion of .heating systems does nofb in- 
clude *all systems; there are many other types and v^iations 
in use. Furthermore, -all heating systems are unique in some 
way^tQ other systems. Still, the above discussion does illus 
trate many of the common features that will be encounter>ed^in 
most heating systems . 



THE ENERGT SURVEY 

An audit of energy use is an important first step in 
preparing for energy conservation in a specific building. 
The audit shows where the eAergy is being used in the build- 
ing, and it highlights areas where energy conservation might 
be most effective. This following section discusses a survey 
of the use of enerej£«^for heating. Later, the student will 
actually prepare /a heating energy survey for a building. 

"A suggested/form for an energy survey is presented on 
the following page. The format used in this form is not the 
only one in use, yet it will give the student an idea^ of ,$omg 
of the relatively easy ways for saving heat ing % energy. . 

As stated earlier, the energy , survey provides clues to 
energy conservation measures that can be implemented within 
a specific building and H^AC system. Many energy- saving 
steps will "involve little or no extra cost, such as resetting 
thermostats. Others may require some modification of 'the 
HVAC systejn and, therefore,- will involve costs. It is^wise 
to begiri with the no cost, or low-cosjt, steps. 

The specific act ion^ required to correct ^ome of the , 

wasteful situations revealed by the survey will be described 

in lat^r sections. 

* • 

» 

Page 18/EC-02 



66 




HEATING ENERGY SURVEY FORM 



HEATING EQUIPMENT AND SCHEDULES 



SIZE, GROSS SQ FT 
AREA HEATED 

TYPE(S) OF OCCUPANCY: (% OR SQ FT) 
Office_ 

Warehouse 



Manufacturing_ 
Retail 



Lobbies & Mall_ 
(Enclosed) 



(Othe|jfc_ 

(Other)_ 
(Other) 



BUILDING USE AND OCCUPANCY 

Fully Occupied: (50% or more of normal) 



Weekdays (Hours)J 
Weekends (Hours) 



_to_ 
_to_ 
_to_ 
to 



Sunday 
Holidays 



Remarks.: Describe, below if - ocmpancy differs for different 
floors,, areas, buildings :_^ ; 
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Energy Survey Form. C 



Heating 
Yes No 



Cti 




for Control System -Upgrade 



DAY OPERATION # 
□ *□ 1. Are thermostats set at 68-70°F or less iji public 



□ □ 



( spaces? 
Locked? 



□ □ 2. If they're non-locking, is there any provision 

□ □ 3 



to keep ^Settings at" 68-70°F? 

Does the thermostat work? 
Whfen>set below 68°F, does valve, damper, or heatf. 
source turn on? 



□ □ 4. Is thermostat calibrated within 1 to 2°F of , 

setting? ' m J 

□ □ 5. *W}ien set below 68°F, is the cooling source (out- 



. / 



side air or refrigeration) locked o^t? 1 
Q, & 6. * Is ZEB (Zero Energy Band) operation provided for? 

□ □ 7. Have you reduced outdoor air ventilating quantfty^ 

when the building is occupied, consistent' with 
standards? (5-10 CFM/person for officd areas.) 

□ □ 8. Do you shut off exhaust fans in toilets, kitchens, 

or labs when areas. aerved^are unoccupied? 

» 

* 

JIIGHT/UNOCCUPIED OPERATION 

□ 9. .When unoccupied,^! the temperature setting auto- 

matically reduced by at Jeast 10L°F? v 

□ □ id. Are warehouses or storage areas kept at lower 

^temperatures than occupied areas? 

O □ 11. Do you close outdoor air damper when 'the building 
is unoccupied? 

□ □* 12. Do outdoor air dampers close tightly during night 

or unoccupied times? v % _ , " . 



mJL* 
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/Energy Survey Form. Continued. „„„ 

m Heating Checklist for Control System Upgrade 

Yes No 

. STEAM, HOT WATER, OR ELECTRICAL SYSTEMS FOR* 
SPACE-HEATING ^ • 

K 'D □ 13. Have' you determine^ above what ^outdoor tempera- « 
- * ture you can shu* of'f heating boilers, heat ex- 
changer pumps and/or electric heat? 

□ □ 14. If 13 differs for different buildings, or zones, 
or times of day, have these parameters been de- 
termined? 

□ □ 15. Do you have procedures in effect to shut off the 
heat, as determined under 13 anc^ 14? 

□ □ 16. For space-heating hot water systems, have you 
checked to see if water temperatures or tem- 

. * perature schedules are at or below original 
design? (Remember that original design tem- 
peratures for .secondary hot water were based 
on a 75°t room temperature requirement.) 
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IMPROVED FURNACE OPERATION 

Obviously, the first plac* to. begin energy conservation 
'within the heating system is with the furnace and boiler. 
This 'section of the module describes how, to get more heat 
out -of each unit. of fuel used. The discussion wfll center 
oh the following four areas: • 
' Improvement? of -"combustion efficiency 

• . Reduction of heat losses/ 

Proper sizing of. heating- sys'tem, ' 

• Flue gas damper - ** . \ 
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IMPROVEMENT OF COMBUSTION EFFICIENCY . '* 

Combustion efficiency for a^specific furnace and fuel ■ 
can\>ften be improved. "The measurement of combustion effi- 
•Ciency is relatively simplertit involves measurement of the 
temperature of the gas in'the flue and measurement of the 
composition of: the gas in the £iue (the content of 'either 0 2 
or 

If the flue gas temperature is high , *he % a£ is escaping 
up. the stack. This represents a loss of.ene'rgy and, therefore, 
low, efficiency since part of the energy fr-bm the burning of 
.the fuel 'is going up the stack, instead of being used to heat 
the building. The high stack gas^ temperature may result' from 
use of too much air for combust ion ~' or from dirty heat ex- 
change surfaces. , ^ y 

The flue gas composition is also an important factor. 
As Figure 1 shows, air from the building is drawn up the flue* 
It is neces-sary to have some flow of building air up the $t£ek 
to ensure that combustion products do not make their way into 
the building. But too much air gojng up- t^e stack is waste- 
ful, particularly since this is air that has "already cost " 
money to hdat. 

Excess air is- defined as "the amount of air in excess 

of the amount Heeded \ko" burn the fuel ctpmpLetely . M The amount* 

of excess ai;r may -be determined by measurin-g either the amount^ 

of 0 2 or of .C0 2 in the flue* gas. Figure 9 shows the stack ' 

concentrations of 0 2 and C0 2 versus th,e excess air^for a fur- 

nace burning natural- gas. CThe curves for -furnaces burning 

fuel oil or cdal are slightly different. ^ If one measures 

. • ^ ~* ■ ^ 

either the . concentration of 0 2 or 'of C0 2 in the stack gas, 

the percentage of excess air can be* found from this figure t 
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Sta'ck Concentrations fo-r*0 2 ahd 
Excess Air, ,for Natural Gas, 



It is usually preferable to measure the 0 2 concentration, 
father than the C0 2 concentration. The excess air determina- 
t;ion is relatively insensitiVe to a'*C0 2 concentration in the 
range below- 101 - which -is^the most desirable range. The ex- 
cess air determination . is reasonably sensitive to 0 2 concen- , 
iratiori iji this range, , 

The measurement of both flue gas temperature and flue 
j;as composition can be done^with simply portable analyzers 
which cost less, thanjSlOO.* The. head of" the instrument is 
].\isertferd into the^flue, an,d the readings for both quantities 
are displayed on meters. If the meter reads C0 2 concentra- 
tions, Figure 10, may be used to convert^ from a\£0 2 concentra- 
tion to 5 a 0 2 concentration. Curved are shown for threejdif- 
ereht fuels . , . 4 
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Figure 10. Relation Between 
'Flue Concentrations of CO2 
.and Oxygen. 
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Figure 11. Ef f ic iency Vs . 
Flue Oxygen Concentration 
for Natural Gas. 



All furnaces for commer- 
cial buildings should have 
.routine measurements of flue - 
gas temperature . It rs common 
to find very high values of 
excess air in furnaces where 
flue, gas is not checked regu- 
larly. This represents a sub- 
stantial waste/ 

The 0 2 concent rat ion 
should be in the rahge from 3- 
51.^ Although lower values 
would give even less heat loss 
this would be an unsafe, condi- 
tion since it' woluld be possi- 
ble* for combustion prQducts to 
enter the heated space, there 
fore, it is recommended that 
oxygen concentrations be con- 
fined within the- 3-5% range. 

Measurements of the flue 
gas temperature and ^composi- 
tion can be used to determine 
furnace efficiency. The effi- 
ciency of a natural gas fur- 
nace 4 is shown in Figure 11. 
l*his figure shows efficiency 
versus 0 2 concen trati on and _ 
flue gas temper a ture^^^Phe 
flUe teifiperature rise, is the 
increase in temperature of the 
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flue gas over the* ambient tern- 
perature'in the area .of- the 
furnace. Figure 12 shows sim- 
ilar results for a furnace 
using #2 fuel oil. 

The * adjustments' to the 
furnace to > improve the flue * 
gas temperature and the oxygen 
concentration should be made 
by a qualified person experi- 
enced in burner operation. 
The adjustments involve ad- 
justment of the air-fuel ratio 
in the burner, adjustment of 
the linkages which open the 
fuel valves and the combustion 

air shutters and valves, change of the controls which regulat 
the furnace draf^and pressure, and, possibly, a retrofit of 
the. burner to achieve better atomizatioh of fuel oil and bet- 
ter mixing of. air and fuel. Proper performance of these ad- 
justments requires specialized training and experience that 
are beyond the scope -of this modul/e. / • 

In very^large burners, a closed loop control system on 
the burner may be justified. Such automated systems can mea- 
sure stack temperature and O2 concentration, and they use the 
results continuously to control the furnace operation and to 
automatically maintain high values of furnace efficiency. < .* 



FLUE 0 2 CONCENTRATION (%) 

Figure 12, Efficiency Vs. 
Flue O2 Concentration for 
U Fuel Oil. 
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Reduction of Heat Losses 

There are a number of possible ways in which heat can 
be lost from the furnace and boiler. Losses can also origi- 
nate from the furnace walls and from piping. Another waste- 
ful-practice is to use combustion air and boiler feedwater 
that are colder than necessary since both must be heated any- 
way. Several techniques for Educing such losses include the 
following: 

• Draw the combustion air from the hottest part of the 
boiler room. 

• Preheat the combustion air by heat exchange with the 
flue gas. - n 

• Preheat «the boiler feedwater by heat exctiange with 
the flue gas . 

• Insulate the casing and other furnace, parts to pre- • 
vent loss of heat to the boiler room. ' 

; Insulate* piping leading to and from the furnace. 

Proper 'Sizing of Heating System 

The furnace size should be no larger than necessary. 
If the furnace is larger than is needed, it will frequently 
cycle on and off. During the initial part of the ON cyclfe, 
the furnace will be sending hot gas up the stack. Since the 
building is receiving very little heat while the boiler or 
the plenum is being warmed, the energy sent up the stack dur- 
ing the'warm-up per iod *is rlost . 

It is more efficient to have the furnace - cycle stay ON 
lqprger and cycle less frequently. This /will reduce the 
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fraction of the time that heat is being sent ineffectively up 
th^ stack. A smaller heating sys temlkmld accomplish this 
and would save energy. 

Basically, the furnace should be just lar^e enough that 
it will run continuously in the coldest weather encountered 
at the geographical location. This will produce enough heat 
to provide adequate heating on the coldest days. At the same 
time it will reduce the stack losses which result*' from fur- 
nace oversize. In thejpast, building designers often speci- 
fied oversized heating systems. When energy was less expen- 
sive, this practice"was not too impractical. However, over- 
sized heating systems are now expensive wasters of energy. 

It may not be economically sensible to replace the en- 
tire furnace in an existing building, but there are other 
measures which can have the same effect. An additional small 
furnace could be added. This furnace could be used in the 
warmer parts of the heating season - for example, the early 
autumn and late spring. This small furnace would run for 
longer' periods at a time and would be more efficient for 
those periods when the heating load is relatively light, ur - 
ing~ the colder part o£ the winter, a larger furnace could^be 
switched in. j 

Another approach for conserving energy would be to lower 
the firing rate of the existing furnace. This would^ have the 
same effect as previously mentioned: It would make the fur-< 
'nace run'a' larger fraction of the time and reduce stack 
losses. The changes in the furnace to red^tc^\lie firing rate 
should be made by qualified, experienced personnel. 

These measures will help in cases where the heating' sys- 
tern is larger than necessary. Even_ if the furnace was origi- 
nally, the proper size", when the other conservation measures 
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described here are implemented, , the heating requirements will 
be reduced, and the furnace mayAyien be oversized for the new 
heating load. . 



Flue Gas Damper . 

« 

Even when the furnace is OFF, air can escape up the flue, 
This is air which has already cost the user money to -heat. 
Installation* of a flue damper that closes when the furnace is 
OFF can reduce this loss. 

A flue damper must be installed properly. If the flue 
damper were to fail in the closed position when the furnace 
is ON, combustion products would enter the building, creating 
un-safe conditions. 

The flue damper must also be properly designed. A .fail- 
safe type is recommended so that ^ny possible failure will 
leave' in in its OPEVpos it ion . Well designed flue dampers 
are available from a number of companies and should be in- 
stalled by qualified personnel. 



Estimate 1 of Savings From Furnace Improvement 

c ~ 

Suppose a certain office buildiilg uses 10 billion Btus 
of heating energy per year, with natural gas used as a fuel. 
Suppose* the stack gas temperature is 530°F, and the flue oxy- 
gen concentration is 14$. The temperature in the boiler room 
is 80°F. How much energy can be saved each year by adjusting 
the' furnace so that the stack temperature is 330°F and the 
flue oxygen concentration is 51? At $4 per million Btu, how 
much money is saved each year? 
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Figure 11 show* that the efficiency at a flue tempera- 
ture rise of 450°F (530°F-80°F) and 14% 0 2 concentrations' is 
65%. F6r the, new temperature rise and O2 concentration 
(25Q°F and 5%), the efficiency would be 84% (Figure 11). This 
means that the fuel usage will-be reduced by the ratio 65/84 
for a total fuel usage of 65/84 x 10 10 = 7.74 x 10 9 Btu. 
Thi? figure represents an annual energy savings of 
10 :o - 7.74 v x 10 9 = 2.26 x 10 9 Sttt - 2260 x l0 5 Btu. At $4 " 
per 10 6 Btu, this figure represents a cost saying of $9040 
per year * » *• 

CONTROL OF OUTDOOR. AIR 

____ 

The introduction of outdoor air into buildings is needed 
for both safety and human comfort. This air is called make- 
up air. The amount of make-up air is expressed in unit^ of 
cubic feet per minute (often abbreviated as cfm) . , Make-up 
air in industrial buildings is needed to replace. air that is 
exhausted. Exhaust of air is required to remove fumes. and 
odors and to make up for air used in combustion processes. 
The 'amount of ^make-up air that is- required, is often specified 
by local' laws 'and regulations. In -homes, there usually are 
no- special efforts made to exhaust air and replace it with^ 
make-up air. . Usually there is enough air leakage to provide 
air to replace the oxygen used up by human beings and by com- 
bustion processes (cooking, hot water heating, and so forth). 

In \*inter the make-up a±r must be heated. Proper con- 
trol of the make-up air, thereby reducing the make-up air to 
minimum amounts needed, is an effective method for conserving 
energy. This .saves the energy that would be needed to heat 
the make-up air from the outdoor .temperature to the indoor 
temperature .< * , 
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The following are several aspects involved in the con- 
trol of make-up air: * • 

• Redute minimum outdoor air 

• Low leakage dampers 

• Reduction of ventilation during unoccupied periods 
Control of exhaust air 




Reduce Minimum Outdoor Air 

r- 

Before the energy\crisis , the amount Of outdoor make-up 
air tha£ was* specified \^as conservatively ^chosen to be fairly 
high. The amount of nfalee-up air was usually specified as a 
set amount per unit. area of floor space in the building. 
This amount tended* to be unnecessarily high, and it required 
extra heating. More recently standards adopted by the Amer- 
ican Society of Heating, Refrigerating, and Air Conditioning 
Engineers (ASHRAE) have aimed at a more realistic evaluation 
of the amount of air that is really needed.' Reccing the in- 
take of outdoor air to that value saves energy. For ^n of- 
fice huildingf the suggested values are in the range <of 5-10 
cfm per person in the building. For an industrial building, 
the requirements depend on the adtivities^in the building. 
For example, if there are. chemicals and* fumes generated, 
safety nfciy require that more make-up air be used. 

The procedure for reducing make-up air is to adjust the 
inlet-;,damper , through which the outdoor air enters the build- 
ing. The make-up' air should be reduced'to the lowest amount 
. 'i 

that is needed. . 

Careful measurements are needed to^ compare the damper 
position to the amount of air that actually enters the build- 
ing. The Amount of air enuring the building can be 
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determined from temperature measurements,, and also from a 
knowledge of the^air handling capacity of the 'fans- in the 
return air portion of the heatdng system. This value will 
. be specified by 'the equipment manufacturer., The amount, A, 
of make-up air entering the building is given by the follow- 
ing equation: ^ o . 



A = C x 



L m 



Equation 1 



where: 1 

C = Air handling capacity of the system, in^cfm. 
T 0 = Outdoor temperature. 

T r - Air temperature in the return air system. 



Temperature of the mixed air (make-up 'air mixed 



^ with return air). 
A = The value, in cfm. 

For a given damper position, three temperatures are measured: 

T 0 , T r , and T m . Then the above equation is used to calculate 

A. This calibration is needed to-determine how the damper 
actually works and how much H air it actually allows in at a 
'given setting. 



Low Leakage Dampers 



At times, £he <^mper that normally admits outdoor make-, 
up a'ir into the building should be closed. The damper should 
be closed, when the building is unoccupied, for instance. In 
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addition, the ? outdoor air temperature may drop below some ^ 
prescribed temperature in % some locations, -and the damper 
should be closed* 

Many dampers allow leakage, even when they ai;e closed. 
This leakage allows extra unwanted cold air into the ,build- 
ing,'and extra heat is required in this instance. Some damp- 
ers allow from 5% to 30% leakage, even when .they are sup- 
posedly closed, adding unnecessary demands on the heating 
load. 

Low-leakage dampers can reduce leakage to less than 1%., 
Using these types of dampers constitutes a lotf cost^modif ica- 
tion that can reduce wast eful ' leakage . ' 

Reduction of Ventilation During Unoccupied Periods 

It is possible to save energy by closing off outside 
Ventilation air during periods when the building fsf unoccu- 
pied. -Some fan systems must run even when the building is 
unoccupied^in order to maintain the night temperature, but 
they are no^ designed to reduce the amount of outside air in- 
take, even when the outside air is not needed for ventilation, 
This extraair is , unnecessary , and heating it is wasteful; 
therefore 'outside make-up air should be supplied only when it 
is required. 

An automated controller or a time clock should be added 
to the -system to shut off the outside air during Unoccupied 
periods and start up the system again shortly before occu- 
pancy. The obvious result would be a- lower use of energy. to 
heat unnee'ded ouf^Lde air. 
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Control of Exhaust Air i . 

Exhaust air fans often operate longer than is necessary. 
Exhaust air fans have %&o main purposes: (1) removal of 
odors or fumes and (2) remaval of excess heat build-up. If - - 
th% fans are controlled so 'that they operate only when needed, 
there can be ' appreciable savings of energy. 

Exhaust air f&ns that remove odors or fumes should be 
scheduled to operate only when the odors or fumes are being 
produced. Examples are laboratory hoods and kitchen vents. 

Exhaust fans used to remove excess heat build-up in cer- <L 
tain spaces (such as storerooms and warehouses) should be con- 
trolled with thermostats so that they operate only when needed. 
Such fans may operate -even in winter since excessive heat may 
be produced in certain locations'. 

In addition, dampers should be installed* in the exhaust 
air discharge patch. This action would stop uncontrolled out- 
side air from entering the heated space and prevent the loss 
of heated air when exhaust is not needed. > 

* * # 

r 

Estimate of* Savings Front Outs_i.de Air Control £- 



The savings of energy from proper oontrol.'of outdoor air 
irements >may be estimated from the following equation: 



E, * 0.0108 x C x P 0 (Ti - To) x H x W 

Equation 2 
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where:. 

£ - Enefgy saved, in units of Bt^u per year. 
C =' Ait capacity of the system, in cfm. • 



oXai 



1 i 
To 



4 



Percentage of outdoofl|ai^ 
Average indoor temperature. 
Average outdoor temperature . 
H = Nuaber o£ hours per wey&^ that the saving 

measure is in effect. ^ ' 
W = Number of weeks in th£ heating season. * " 

As an example , ' consider' tW effect of reducing the ve-n- 
tilation during t .unoccupied periods in an office ^building in 
Chicago, where the average • outdoor temperature i^34,-.2°F dur 
^ng the 30-week heating season! The building system' has an > 
air handling capacity of 60/, 000)cfm , s 25*% ventilation air is 
used, and damper leakage is^0.5%. The proper jDerceritage P ■ 
to use ii>the above equation is as fellows: 



P * 25 t 0.5 = 24>5 * s Equation 3 

Assume thajt the average indoor temperature is - 60°F during 118 
hours per week when the building is unoccupied. Then the en^l 
ergy savins are the following: 



if 



j ■ 



E = 0.0108 x 60000 x 24.5 x (60 - 34.2) 

x U8 x 30 » j 

= 1450.x 10 6 Btu per year.. 
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•At .a fuel cast of $3; 87 pe* 10 6 BtuV this would amount to, an 
annua}, savings, of the following: , 

' • "V • . - - \ ■ " v . . 1 

• 1 » * 

r . ' 1450, x 3,87 = $£611. . " . 



0 ««■ 



F This example shows dramatically how even relatively 
simple conservation measures can produce significant savings. 



''IMPROVED HEARTING COIL OPERATION , 

The heating coil'&.that heat the air -can. waste, energy 
v unless they are^usecf £%fectively. There are^several simple^ 
-contfol measures that- can be used to save^energy by improving 
the operation o£> the 'heat'irig .coils , including 'the following: 
* Reset of hot'cfeck temperature 
' • Zone optimiza-tion 



! ' 1 



HESET OF HOT DECK TEMPERATURE 



f » 

V 0 



« , Resetting the hot deck t-emperature appfies to dual^duct 
systems -.and multipl^zone' systems , Many systems which use a 
*hot*-deek 'kvtd a cold deck use fi'x'ed temperatures for the* decks. 
o Howa*f*v this 'does riot take the 'actual hearting needs into • < 
account.. ' THey may^was^e energy by mixing air that is unneces- ' 
Varily hqt with' air t'hat is uunnecessarily cold - which is 
Especially, true when heat ing/ demand is low. The' heat that is 
■nteede^cftuld be produced* with air, or -lower temperature « * ; 
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« 1 

Energy and money, can be saved by 'having the control 5ys- 
t§m respon4 to the zone that* demands the most heat. The^tem- 
perature of the hot deck should be 1 - set so that it* is capable 
of* handling just "this 'd'emand . As. the demand decreases," tfte 
temperature of the Hot deck should be lowered, thereby re- 

ducing the energy that would be needed. to heat the hot deck. 

v 

The reset of the hot deck temperature should be used in 
conjunction with a reset of the 6oid*decjk temperature. - * 

The demand for heating from the different zones is ana- * 
lyzed from the output ©f the thermostat for each zone. The 
temperature of the hot deck is. reset to satisfy that strife. 
Thus, the deck temperature responds .to ' the load , -rattier 'than 
to a fixed schedule- based on maximum possible demand. ^The 
• lessened i^ed for heated air and for a mixture of heatejd and 
cooled air saves energy* * 



ZONE OPTIMIZATION 



Zone optimization .is applicable to^systeras, that use ter- 
minal reheat . These systems usually apply thermostatically 
* controlled repeating, in every" zone to maintain comfort. If* 
v ° every zone is reheating, energy is being wasted Th!e t heatirfg v 
needs from the zones can be analyzed, and t-he system can be 

t > 9 * * , 

adjusted, as necessary » • The demand from each zone is measured > 

r . 

and the temperature of the cold fe supply air is increased to 
-minimise, the amount' of rehea«t energy. • . 

TKis procedure — under the control of the bui|^ng* auto- 
mation controller — makes the, heating and ventilat ing system 
flexible. It satisfies the. heating. demand of the zone with. 
t the # *greatep£. needs ; and, at* tfte same time, it reduces : *f 
amount t<>f;„enejgy 'needed f or**reheating . ■/ 

'• •■ ' " r\. . . ■ . ;• ■ 
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ESTIMATE OF SAVINGS FRdM- IiMFROVED HEATING COIL OPERATION' 

; The annual % bmfergy savings from* automated reset of the 
hot deck temperature during* the heating season may be estir >< ' ; 

mated from the following. equation : V 

i " - * r - * * 



E = 0'.0108 x C x P h x AT h , x H 0 x W 

'■' * \ Equ^t^-on 4 % 



where: * * * ' 

E = Energy sav-ed,in u^iits of Btu per ,year. 1 
f \ C* = A;ir capacity of \^e t system, in cfm.' - 

' P h = Percentage of the air that flows through" 

f - the hot deck. 

J.fiTh = Temperature reset o,f v the hot deck, in °F. 
•i J - H o„S Number of hours per. week that the measure "1 

is in effect . 1 9 ' 

! - " h 

'W = Number -of weeks in the heating season" ? 

i For la, school in Spokane, Washington, ^with a 35-week heat- 
ing season, the air handling capacity of the> heating system 



is' 30,000 cfm, and 60%/of .the air flow's through the hot deck. 
TJIhe school, is occupied 60 hours pe.r *week, and the temperature 
of the hot deck is reset by an average p£ 2°F during this 

J « > v % 

time - . < ^ i 
« * , * 

The annual energy savings are the following: 

i . m 

i ■ 

i * 

E ± 0.OJO8 x 30000 x 60 x 4 2,x 60 x 35* = 81.6 x 10 6 Btu/year. 

» I V * ■ 

* At a gas, fuel,, cast of $4 per 10 £ Btu, this saves ' . , , 

$326.4 pet year. • ' • . . 

% i \ . , '. - 

! . • . : - • ' " ' 80 - ±- 
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CONTROL OF FAN OPERATION 



The fans that circulate air in the heating* system ^re 
important candidates for* j^itomatect control. If the fans are 
simply allowed to run all the time, significant- amounts of 
m energy may be wasted,* Methods of controlling the operations 
of the.fans include..the folldjj^ng: - 

• Duty cycling of fans . t c - *' . 

Equipment.' scheduling • 



DUTY CYCLING OF FAtfS, 



A du£y cycle program -saves ^energy by shutting c^ff the 
fans for 'a pa'rt of 'their usual operational periods ^ This 
action may be controlled by-'the- central 'computet . .*Ihe pro- 
gram may simply' <:urn>off the -faffs for a fixed period at pre- 
set internals. More sophisticated programming can take the 
space ten/p'erature and the-'outdoor temperature into account, 
and_it cin turn the fans' bfcf at variable* "Intervals , * depending 
on condi(tioiis . Bu-ilding automati'opf systems are well -adapted 
to control- thfe cycl^iAg of fans inQi^&ting . and ventilation sys* 
, terns * •* • 

Note all fans s^Tfoms are g^ood "candidates fox; duty cy- 
cling.^ In some casW-/ ventilation needs, are/critical and 
shotild not be interrrupted . E&amples 'are a themical opera-- 
tion, where fumes Inay be produced,, or a hospital operating 
room, • ^ f 
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EQUIPMENT. SCHEDULING ' , 

Automatic scheduling of fans in heating and ventilating 
equipment saves energy in several ways;- It reduces the - . 
amount of-energy needed to heat the ventilating air, and it 
saves the electrical energy needed to drive the fans. ^, 

Energy savings are (ffer'ived from establishing. a weekly 
schedule. The equipment is turned on and off sn accordance 
with the hours that the building is normally occupied. .The 
start times should be set so that the morning warm-up time 
is no longer than' necessary . This can te controlled by the \ 
**outdooj? temperature, \&&$*TY cold days in winter, the warm- 
up time may have .to be extended. On milder days, the warm-up^ 
period may be -shortened . 

* Therefore, to achieve the largest energy savings,, the 
scheduling must^be flexible. ■ This is especially true if 
there are changes in the occupancy patterns of the building. 
Fixed schedules must fit the longest periods of 'occupancy. 
Flexible scheduling can be changed rapidly to keep up with 
changing occupancy, and' flexible scheduling can be -done with- , 
out ^efluipment changes from a . central computer control system. 



• * INDIVIDUAL 'ROOM CONTROL ' 

* « * 

Energy savings are possible by properly controlling con- 
ditions in the space' being Keated. This section qf the mod- 
ule discusses methods'of conserving .heating .energy based on 
proper thermostat usage and a^ir flow in the heated area. The 
thenrfostat is probably the m^st important pdrto of an energy 
conservation program. The room thermostat' also y.the easiest 
place to begin an energy conservation program. 4 '* 

* t 
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t Several methods of applying this method of conservation 
include^ the -following: . t 

• Lowering thermostat setpoint 
<* - Reducing temperature during unoccupied periods ' 

- Separatin^heating and^ cooling setpoints 

- Converting from cons tant -air-volume to variable- 
air volume 



LOWERING THERMOSTAT SETPOINT 

The thermostat shoulcl be lowered to 68°F (or even lower 
during the heating season) . Savings result from maintaining 
the temperature of. the heated space at a temperature which * 
is compatible with new standards'; - The U.S. Government stan-, 
dard for public buildings is now 65°F,-f except for* buildings 
that are granted'an exception to the standitd, " (An example 
for which an exception might be appropriate is a hospital',) 
9 Moreover, thfe control of the temperature of the heated 
space should not b,e accessible to the occupants of the space. 
All the enargy savings can be lost by allowing the occupants 
free acdess to the thermostat adjustment. A t^-sTmostat that 
can be locked or one that is designed tp prevent occupant ad- 
justment should be used.-* ; ' 



REDUCING TEMPERATURE DURING UNOCCUPIED PERIODS 

During the heatin-g season, the ,teqiperature of the" heated 
areas should be set to lover temperature at. night or during 
unoccu~pi6d, hour s . Thermostats witty separate setpoints for 
day ahd night operation (sometimes called* clock thermostats) 



J 
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are used frequently. The changeover ,from high to low 
setting can be controlled by a time clock, or by the building 
automation system. i 

If the thermostats are not automated, the temperature 
setpoints can.be changed manually. Ho.wever, this may not be 
realistic for large buildings with many thermostats* ^In this 
case, clock thermostats or thermostats that can be automat- 
ically controlled shduld be used. The savings in energy 
would soon pay for the cost of changing the thermostats.. 



SEPARATING HEATING AND COOLING SETPOINTS 

^Some systems are capable of providing both heating and 
cooling on demand. It is obvious that heating and cooling 
should not be supplied simultaneously, but this can be avoided 
by, separating the setpoints for heating and cooling. This 
procedure provides a so-called "zerd energy band 11 pf tempera- 
tures^oetween the two setpoints. When the. temperature is in 
this Wnd., neither heating or cooling is required. 

'The following is an example: If the heating setpoint* is. 
68°F and the cooling setpoint is 78°F at the same time that 
the temperature is in^the zero .energy band between 68°F and 
78°F, th4n no energy will be saved. , ' • 



CONVERTING FROM CONSTANT-AIR-Vbmjf TO VARIABLE- AIR-VOLUME, 

^ Some buildings u§e a dual-duct system; one supplying . 
ho.t air and one)supplying cooled air. The air from the two 
"ducts is mixed to produce the desired, temperature. Thus, if 

. I . ' ' ' 



^"4 89 

:'< ' • uo . EO02/Page 41 



r 



* - ■ 

. heating .is desired, more hot air andSess coole4 air is 
mixed in. The amount of mixed air delivered to room is 
held constant, and the temperature o£ the air -entering >th< 
room is Controlled by the mixing. / 
— — ^ ~ The above procedure is wasteful. *The energy that was N 

* expended to heat the hot air and the additional energy that 
was expended to cool the cold air are wasted when the r air is 

* mixed. Instead, space temperature can be controlled by Ghang 
ing the volume of lair entering the % space. Thus, if heating 
'is desired, -tie volume-'of heated air entering the space is 
increased. When the temperature rises to its desired value, 
/the flow of heated 'air is^imply reduced. No cooled air is 
used. _ 1 \J 

> The 8 convers ion from cons tant -air -volume to variable-air - 
volume is a ^simple procedure in most cases. The flow of the 
air in the two ducts is '.controlled- by motorized dampers. 
These daifrpers can be placed under' the control of a building 
automation system, which will control the dampers. Only one 
damper will be open at a time*. This switch-oVer 'can be done 
with automated control, with a minimal need for replacement 
of equipment. . . % K * 

* " . • x 

ESTIMATING* SAVINGS FROM INDIVIDUAL ROOM CONTROL 

& i 

The savings in energy 5rom prope^ control of* the temper- 
ature in heated areas njay be estimated from the following 
equation : k * * 
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E = F x AT x H- x .1st . Equation 5 
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where: i * _ m 

E = Energy savings, in Btu/year., 
F = Factor defining the heat loss from a building 
heatecf. .to\ a temperature ^Jjove Ahe outdoor 
temperature. ^ 
AT = Amount by/ which the Temperature is reduced in^ 

the heated atea, in °F. ^ 1 

H = Number of "hours per week that the temperature 
/is reduced. 

W * Length of the heating season, in weeks. . 

The factor, F, has units of Btu/hour/°F; and it- varies 
from building to building, depending on the ^size and shape of 
the building, the insulation,, the -number of w v indow5 , the con- 
struction materials, and so for£h. It is a measure of the 
rate at Which heat escapes from the building to the colder 
outdoors. v 

^or example r consider an office- building constructed of 
6 M precast concrete panels that is'ZOO* x 200 ! x 25 ! high, 
with 80,000 square- £eet-of fldor space. In this building, ' 
the value /of F may be "around 14,000 Btu/hr/°F. If this'build- 
ing were ^pcate4. in Madision, 'Wisconsin, where the heating 
/eason is Sls^weeks long, consider the .effect of reducing the • 
thermostat from its constant 68°Fisetpoint during Unoccupied 
periods* If the* t^ermosta^- is at 68°F from 7 a.m. to 5 p.m. 
five days a week, and-' it is at 55°F at alj, other times during 
the winter',* then, in the above equation,- AT- = 13°F and H = 11 jT 
hours pet' week. Then, thje following may be*written: ' 

■ r% - ' r 

E = 14,000. x 13 x 118 x 31 = 666 x 10 6 Btu/year. ' 

At a cost of $4/10 6 Btu for Igas fuel/ this would produce an 
annual savings" - of $2664. • - 

J* * ' " 91 ... . 
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j EXERCISES 

1. For an off ice # building in Duluth, Minnesota, where 'the.* , 
average outdoor temp£ra^t^re is 28°F during a 37-week- 
long heating Reason, estimate the- annual energy savings 
produced by installing- low leakage dampers in the*50,Q00, 
cfnv air handling system. The dampers are supposed to be 
closed for 120 hours per week, but in/their nominally 
closed condition they have a leakage of 10%/ 'The low , 
leakage clampers will reduce this to 0.6%: * The average 
indoor temperature is 68°F. 

2. A light industrial plant' in Edmonton, Alberta, passes 
70? of the air through the hot^deck of a 10,0,000 cfm 
capacity dual-duot heating, ventilating, and ^Lir condi- 
tioning system. The hot deck temperature is jeset by an 
automatic controller by an average of 1.5°F for 48 hours 
per, week dur-ingfa heating season that lasts 38 weeks. . 
If the cost of ther-soil' fuel is $6. 00/10 6 Btu* how* much 

^ money will be saved per year? 

5. A factory in Atlanta, Georgia, where the heating season 
. " is 20-weeks long, is ''occupied for 60 hours a weeK/and ^ t 

" unoccupied /for 108 hours per week. The factory has a 
^ " .heat lgs-s<Sretor F of 22, 500 Btu/hr/fF.^ The thermostat 

. setpoint is now at 74°F. Calculate the energ)\sa.vings 

- f SaT^w p uld'result fr 6m turning the thermostat^ down/^o '. <• 

68°F during* the occupied time and to 60°F during the ^ ^ 
uncrc cupped time. # • * • 

* t 4. Suppos'e a school building that burns #2 fuel oil in^its t 
furnace uses 10 6 Btu/hr. The stack gas temperature is*- 
875°F, and the 0 2 concentration is* 12%. The boiler -rooni 
. t.emperature is 75°F. How much energy can' be saved' each f 
* '-hour by reducing th'e stack gas temperature to 47S°F and • 
<* the O2 concentration to 4%.? At $6 . 7 5/it) Btu, how much' 

money Man t>e saved f&f each hour of furnace operation? 

' r * -i' ' •'...* /. / EC-02/Page 45 



•List, describe, and explain conservation measures re- 
lated'^ jthevfol lowing : 

• Improves furnace operation ^ , * 

• Control of outdoor air 

: Improved heading £oil operation ?t s 

• Control/of f^n operation 
IncUy^raual roo^i control 

\ ■ 



LABORATORY MATERIALS 



Portable analyzer for flue gas temperature and 

gas "composition 
A strip chaft recorder 

V ( 



/ 
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LABORATORY PROCEDURES 



•'• In these procedures, the student will perform measure- 
ments and. analyses c on the heating system of a particular 
building* A'commercial building ' s ^heating system would be 
mare desirable to analyze than that of a private home. The 
school at which the, course- is being presented may allow the 
' : students, under proper supervision, to analyze the heating 
system of the school. . If no other building is available for- 
analysis ," the home of the student -may be -used. 

- The stud^'t~wTn""rTrsrprepare an • energy-survey "for; thir 
building. Then the student will' determine whether the* heat- 
ing system 1 is properly 'sized^ Kinally, the student will 
analyze the flue, gas- temperature and composition and will 
determine the efficiency of the heating system. Use .the Data 
Table torecord information. * 

The equipment needed- is a portable analyzer for flue gas 
temperature and gas' composition, and a strip chart recorder. 



1.. Th e Energy Survey < - - - • . 

* r • " i 

First perform an energy survey' for the 'selected building , 
using the Data Table that follows. Fill in the information 
about the heating equipment and_ schedules , and the heating _ 
checklist Yn the sections' provided in the Data Table. _ 

Fill in the blanks as completely as possible and do not 
be concerned ab6ut-- having -difficulties finding any informa- 
tion. Valuable inf ormat ion % can be obtained from the physical 
.° .plant admin j^Htifa for or <the maintainence personnel. 

\. After'completing .the Da€a Tablet, analyze .the informal 
< tion^aritfr'inake suggestions about ,how energy -could be saved in 
the "heating- of the particular building.. 
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2 - Determination of Heating System Sizing, • 

- ■ • '■• . c' ■ . ' 

■ - In- this section of the laboratory, the' student will 
determine whether the heating ..system is properly sized. This* 
will be done- by measuring the fraction of the time that the 
furnace is ON during a period of several "days . 

. ^Attach the leads, of the chart recorder 'to J the power 
source'for the furnace's blower motor. Tiyrn Jthe~«chart re-* 
corder on. Check to see that the recorder is running at/ a j 
slow rate of paper fee* and that it has- enougji paper. 




record the presence of voltage on the. blower moto^ ovt 
riod of several days (preferably,- at lea'st three) . Ttiis V & 
must.be ddne at a time of the*year when'th^ furnace is pro- 
viding heat ■ * * , * , , 4 . 

.After the recording period, iise the chart' record to .de- 
termine how lpngthe furnace was ON during the recording 
period. Determine then the fractionT^F^ of the- 1 im^that ' 
the furnace, was ON. ' . >' * 

From local J weather records , .determine the minimum out- 
door temperature, T m in, ever Irecorded in the-area* as 
well as the number of heating^ degree days, Nd, during the 
recording period/ This information is sometimes .published 
In local newpapers, or it is 'available, from the weather ser- 
vice. Determine the /fraction, F 2 , given'by-the following , 
equation: 1 ^ — • ^ ; " • 



N d ' • • : \ ' - 

D -x (65 -' Tmin) ' ' E( ^ uatl0n 6 
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where: > * * % ' " 

D = Number of days in the recording period, this is 
the fraction of th$ tip© that the^ furnace should 
be ON.^ ' * ' m * 

/ * If Fi'is approximately equal to F 2 ? the furnace is prop- 
erly sized. If Fi is much less .than F 2 , the fi^rnace- is cy- 
cling on ahd^off too. often, and is oversized. . 
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3' ' Measurement of Flue Gas 

portable Hue gas analyzer*. Insert jthe sensoiN ^ 
head of the analyzer into the flue of the furnace when the 
furnace has been ON >£or 'several minutes. and is e well warmed 
up. From the information on tfi£ meters, ^eco^ the readings, 
for a 2 * concentration ^and f lu<* gas temperature. (If the meter 
reads C0 2 concentration , 1 record that value and then use Fig- 
ure 10* to find the: concentration: ) , / , 

Use' the value's/ obta^^d .from^his measurement .to deter- ■ 
s mine the system efficiency Xjlsa^eithe* Figure 11 or Figure 
12, depending, on the fuel used. .(Remember that, thS flue 
temperature rise is the measured temperature minus - the ^rmbient, 
temperature in -the boiler jroom.) * 

How mights the efficiency of this system be iijiprotad? "\ , 



v 
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DATA TABLE 






' . - 'XiiEATING ENERGY SURVEY FORM 

> 




■r • , 
' ^ HEATING EQUIPMENT AND SCHEDULES 

' <L. ooss s Q „ • 

AREA HEATED * 




TYPE(S) OF OCCUPANCY: f <% OR SO, FT) 

Office ' (Other) 




* * 

Warehouse (Other) 


Manufacturing (Other) 


> — 

Retail 


I 


Lobbies & Mall , - 
(<$aclosed) * V 




BttlLDING^Sfe AND OCCUPANCY * 

V Fully' Occupied: (50% or more of norma}.) 

* > 

Weekdays (Hours) - , to 






* Weekends \Hours) 'to, < 


* 4 


. , ' to 


Sunday 


' . - to 


Holidays . 


Remarks:' Describe below if occupancy differs for 
* floors . areas," buildings: . 


7J 

different 


W 'v - ■ . 


» 

L— ■■ ■■ —» ■■ -J 
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Data Table. Continued. 



Heating 




Checklist for Control System Upgrade 


Yes 


No 






DAY 


OPERATION ^ 


□ 


n 


i 


A vo t"fi ormn ct*a t* c cot* at" Aft— »70°V nf 1 Pec nnKl^p 
AJL C LUCIUlUaLdUa SCI d L UO / VJ r UL XCoo 111 pUUf J.L 

spaces? 


D. 


□ 




Locked? 


□ 


□ 


2. 


If they are non-locking, is there any provision 
to keep settings v at 68-70°F? 


□ 


□ 


3. 


Does the thermostat work? 

When set below 68°F, does valve, damper, *or heat 
source turn on? 


□ 


□ 


4. 


Is thermostat calibrated within 1 to 2°F of 
setting? 


, □ 


□ 


5. 


When set below 68°F, is the cooling source (out- 
side air or refrigeration) locked out? 


□ 


□ 


6. « 


^Is' ZEB '(Zero Energy Band) operation provided for? 


□ 




7. 


Have you reduced outdoor air ventilating quantity 
when the building is occupied, consistent with 
standards? (5-10 CFM'/persoti for office areas.) 




□ 

( 


8. 


Do you shut off exhaust fans in toilets, kitchens, 
or labs when areas served* are unoccupied? 


5 « 

NIGtiT/UNOCCUPIED OPERATION 




dr 


9'. 


When, unoccupied', is the temperature setting auto- 
matically reduced by at least 10°F? 


□ 


□ 


10. 


Are warehouses or storage areas kept at* lower 
temperatures than occupied areas? 




□. 


11. 


<* 

Do you ^close outdoor air damper when the building 
is' unoccupied? 




a 


12. 


Do outdoor air dampfers close tightly during night 
or „ unoccupied times? # 
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Uata Table. Continued: 



Heatii^g 
Yes No 



Checklist for Control System upgrade 



STEAM, HOT WATER, OR ELECTRICAL SYSTEMS FOR 

SPACE-CHEATING * , 

□ □ 13. Have you determined above what outdoor tempera- 
ture you can shut off heating boiler^, heat ex- 
changer pumps and/or electric heat? 

r 

Q D 14. If 13 differs for different buddings, or zones, 
or times of day, have these pajraJ^eters been de- 
termined? * 
> • 
15. Do you have procedures in effect to shut off the' 
heat, as determined under 13 and 14? r 



□ □ 16. Fi 



For space-heating hot water systems, t\ave you . 
checked to ^see if water temperatures or tern- 
peraturevschedules are at or below original 
design? (Remember that original design tern- k 
peratures for secondary hot water wer^e- based 
on a 75°P room temperature requirement.) 
' * - 



f 
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TEST 



Fill in the blanks 



4, 
5, 



Conservation methods related to improving furnace opera- 
tion include improvement of efficiency, 

' of heat losses, .proper of heating. 

system, and flue gas , '^N^ 

Conservation methods related to outdoor air control in- 



clude 



minimum outdoor air, low leakage 



and 



reduction of ventilation during 

control of air, : 

Conservation measures related to improved heating con- 

trol include reset of ; temperature and 

optimization. 

Conservation measures related to control of fans include 

of fans and equipment . 

Conservation measurements related to individual room 

control include lowering thermostat , 

during unoccupied periods, 



Keating and cooling setpoints, and conversion from 

constant air volume,to . 

A properly adjusted furnace will have 0 2 concentration 
in the range -to % in t he f> £ lue-g-a*. - 



ERIC 



IQ l ■"■ EC-02/Page 55 




ENERGY TECHNOLOGY 

' conservation 'and use 



ENERGY CONSERVATION 




. MODULE EC-03 
CONSERVATION PRINC1PLES__AND EFFICIENCY MEASUREMENTS 

SPACE COOLING 




CENTER FOR OCCUP 



RESEARCH AND DEVELOPMENT 



102 



INTRODUCTION 



'This module deals witK the conservation Of energy in * „ 
space cooling Systems . m The student sttidi^s practical tech- 
niques for saving energy. in building cooling systems, as 
well as measurement and? analysis techniques. In the labora- 
tory, the student conducts an energy survey relative to 
cooling requirements. . * 

Emphasis is~placed ori cooling control practices and 
energy conservation practices related to System mo<j^.fication. 
Thus, like Module" EC-01 , this module describes relatively 
inexpensive" measures that can be taken** rather than major 
-structural changes to the building. ' The more major issues — 
■related to building design and construction will be discussed- 
in Module EC-07. The major thrust of this modul^J^nvolves 
the minor system 1 modifications that pay for themselves in a 
short period of time, and changes in "control* and scheduling 
that reduce energy waste. n 

The easiest way to reduce cooling costs, of bourse, is 
to raise the coolings thermos tat ^ This measure 'requires no 
investment and ipakes ah immediate impact. The curjrent ' mah- 
date from the federal ge^.ernment stipulates that cooling * 
thermostats in public buildings be set no Lower tlVan 78*F. 

The 'emphasis in this module is on larger buildings - ^ - 
apartment buildings, schools*, offices", factories, and so , 
forth — since t^Jiey have lafger and more elatfprate cooling 
systems than private homes. The possibilities 'for v energy 

conservation thro.ugh improved control are greater in such 

systems. Some .of thejneasures discussed wi'llV^oT^tourse , / 
be. applic^ble^to private homes. . . 

/The descriptions in this module .refer to space cooling 
rather than air conditioning since the te'rm f, air conditioning* 
is 'often used* loosely to mean just coaling. Yet, properly 
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defined', -air conditioning means the control of a" number ' of 
quantities ^relate^ to the air in an enclosed space - 'such 
as control of air temperature, humidity, and cleanliness. 
"This module emphasizes isslie^ related primarily to the coal- 
ing of air. f ~ , 

PREREQUISITES 

$ 

The student should have a basic understanding of f 
. algebra*and physics and should have completed Modules EC-01 
and EC-02 of Energy Conserva't ion . 



OBJECTIVES. • 

1 > 

4 

\ ' 

Upon completion ,of this module, the student sfroUld be 
akle to: ' 4* 

1. List, describe, and explain conservation' measures re- 
lated to the following:^ . 

a. Control of chiller operation. 

b. Reduction of building heat load. 

c. Use of outdoor air for cooling. 

d. Control of the cooling coils. 

e. -Control of the fans. 

f. individual room control. 

2. Perform calculations related to savings of cooling 
energy for the following: 

a. Use of outdpor air for'coolxng. 

b. Control of the -cooling coils. 



Page 2/EC-03 



104' 



c% 'Control of the fans. * , 
d. Individual room control*. 

Prepare an energy survey for cooling in a particular' 
building . / * V f 

For, a. particular building, measure the refrigeration 
effect and the coefficient of performance of the cool- 
ing "system.^ * ^ 

Define terms associated* with cooling and air condition- 
v 

ing, including the following: 

a. Wet-bulb temperature. 

b. - Dry -bulb temperature. 

c. * Hygrometer. 

d*. Psychometric chart. 

' e. Relative humidity^ 

f. Coefficient of performance ■ f 
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SUBJECT. MATTER 



FUNDAMENTAL CONSIDERATIONS OF SPACE COOLING * 

\ * * * ' f 

Spdce cooling is used most often to improve human com- 
fort ^during the warm parts .of the year.- Space cooling also 
serves other purposes, such afc to preserve .food or to provide 
a proper environment for temperature : sensi.tive ' manufacturing 
processes . \ . ■ . v * . 



HUMIDITY . . 

Water vapor (humidity) in the atmosphere is an important 
factor to consider in regard Xo human comfort during the 
copling season; Humidity is t less important.in heating appli- 
cations. One reason is that the water vapor .content of air 
in many of the colder sections of the United States is. low. 

For space heating applications, air temperature is simply w 

* " 
raised to the desired temperature without regard- to -the water 

vapor content. m But for space cooling applications, humidity 

is an important issue — which the following discussion will ■ 

e'xplain . J ' ' " - ^ 

The absolute humidity is defined as M t>he amount of water 
vapor present, in a given amount of air. M It may be expressed 
in different units: for example, as grams o£ wateir vapor per 
cubic meter of air,< or pounds of water vapor p'er plpund of air. 

There is a^ mlaximum amount of water vapor that fc^n be.'' 
present in the air at any given temperature. This amount is 
£hown in Figure 1, which shows the saturated press^u^re of 
water. vapor in air versus temperature. When the amount of 
water vapqr is .equal to 'the. maximum value, the air lis. said 
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to- be saturated. 1 The amount of water <tha£- the air can hold 
is very- low at low temp-eratur'es - characteristic of winter 
conditions. However-? the amount increases rapidly at ele- 
vated temperatures, (Note that the 'normal pressure of air 
at. sea level Is "about 760 mm Hg) , • , , 




( W F1 



Figure 1. 'Saturated Pressure- of Water Vapor ,in Air' 
Vs/ Temperature. 



The 'amount of wate,r v vapor in the air is usually less 
t'han the' saturated value.- The ratio of the actual* amQunt 
of water. vap)>r to the 'saturated amount is Called the rel4fei*ve 
humidity. The relative humidity is expressed as' a percentage 
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For example, at; a temperature of 85°F, the saturated vapor 
pressure of watler vapor is 31 mm Hg. If the actual^ vapor 
pressure of* watfer is 18.6 mm Hg, the relative ( humidity ^s 
60% (18.6 r 31 f 0.60) . m 

The relative humidity changes as temperature changes. 
Thus, if outdoor air at 32°F and 50% relative^ humidity 
(vapor pressure 2 mm Hg.of water vapor) is raised to 70°F, 
the relative humidity drops, even though the 'absolute humi£-. 
ity stays, the same. % Since the saturated vapor pressure at 
70°F'is 19 mm H g N , the relative humidity will be 2/19 * 10^5% 
Even though no water vapor has been removed, the relative 1 
humidity has^ been greatly decreased in the heating. As a 
result," the relative humidity of indoor air in the winter 
in the* northern parts of*the United States* is usually very 
low. Sometimes, for, improved comfort, extra humidity will 
be added to'i-ndoor air in the^wihter. * . 

For ,space cooling, humidity often must be removed. If 
the outdoor air has high relative humidity, "the relative 
•humidity will increase as the air is cooled. The, humidity 
will. eventually reach 100%, and moisture will begin to con- 
dens^out of the air. 'Surfaces - especially cool surfaces 
like waterpipes - will become covered with droplets of 
^water. In addition, fog could 'begin to form. 



Dew Point 



The temperature at which water begins to condense out 

of the air is called the-\dew point. The dew. point depends 
* • * 

on'b'oth the initial air temperature and the relative humidity. 
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EXAMPLE fc: ^CALCULATION OF DEW POINT. 



Given: 

Find: 
Solution : 



The ^mpera.tlnre is 100°-F and the 'relative 

humidity' is 5(j1k ^ 

The .dew point . \ 
From Figure 1, the saturated- vapor pressure of 
water vapor ariOO°F is 49 mm.Hg.< At 50%. rela- 
tive humidity, the air would contain 24.5 mm Hg 
of- water vapdr. If the figure is 'read horizon- 
tally, it can be seen that 24.5 nun Hg of water 
.vapor is saturated at 78°F. This is the dew 
point for the stated initial conditions.. 



High values of relative humidity and high temperatures 
lead to discomfort. The human body, under conditions of 
high temperature,* tries to cool itself with perspiration. 
Perspiration will evaporate less unde.r conditions of high % 
relative humidity, and the body's temperature regulation 
will be les^ effective. The result is discomfort. 

Thus, -space cooling is often accompanied by dehumi<Ufi- 
cation of the air. The reasons are twofold: 

• To reduce the .^relat ive .humidity and improve comfort 

• To minimize condensation of water vg$>or out of the air 



Hygrometer ' 

. - The* relativ^humidity is measured with a device called 
a hygrometer. There v are various principles used in, hygrom- 
.eter construction. One common method is the use o"f two. 
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thermometers*. • One is an ordinary glass thermometer, called a 
dry bulb. The 'other thermometer, dall^d a wet bulb, is 
90vered with, a piece of clotjjf that is saturated with dis- 
tilled water. The'tfwo bulbs are ventilated with . air. oThe 
wet bulb will indicate a lower temperature because of cool- 
ing by evaporation -of the water. Together, the^two tempera-, 
^ures- give . a measure of the relative humidity. 
■ N t The "terms "wet -bulb temperature" and "dry-bulb tempera- 
ture M are common terms. The dry-bulb tenipeT<3rtur$ is the ' 
temperature measured, by an ordinary N^hermometer . If the 
term M air temperature' 1 is^ used withou^Rualif ication, it 

means the dry-bulb temperature. The wet~bu£6 temperature 

ft 

is the temperature measured by a thermometer' that has a 
moist cloth jacket and is suitably ventilated. The wet-bulb 
temperature is always t equal to or lower than the dry-bulb 
temperature. At low relative humidity, the wet -bulb « tem- 
pe^ature will be cbnsiderably lower than/ the dry-bulb tem- 
perature. At high petlftTve humidity, there-wi^l be less, 
evaporative cooling of the wet bulb, and the t\lro temperatures 
will close together. At 100% relative humidity, the tem- 
peratures will be equal. • \ 

One common cons truct ion <of a hygrometer .that uses. both 
wet , and dry bulbs ! is the sling hygrometer. 'The slijig hygrom- 
eter has the two buLbs mounted on a frame that is connected 
to 'a handle by'm^ans of a bearing. To ventilate the bulbs j" 
the device is whirled , by hand. ' 

There are several varieties of hygrometers. One type 
us e's .strands of human hair that expand with increasing rela- 
tive humidity. The expansion *is used to drive a pointer 
>that indicates the relative humidity. 
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Psychrometric Chart 
♦ . « * * 

The values of the wet-and dry-bulb temperatures may be 
used to find the relative humidity' and other quantities by ' 
means of a, psychromet'ric chart. A psychrometric chai;t is 
a chart cons tructed - tCprovide convenient determination , of ' 
the properties of air-water vapor mixtures based on measure- 
ment o K f'wet- and dry-bulb temperatures. An example of a <psy- 
chrometric chart is shora in Figure 2, 



LINES OF CONSTANT 
RELATIVE HUMIDITY 




LINES OF CON8TA'NT 
WET BULB TEMPERA- 
TURE <°F) 



r 



DRY BULB TEMPERATURE <°F) 



t 



Figurec2. Psychrome.tric Cfia^t, 
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There are different psychrometric ^hTrET~~avad44b4e^___ 

each one designed in a format for a, specific value of atmo- * 
spheric pressure.. Three Cpmmon types of psychromatric charts n 
are the 'following: for sea level atmospheric pressure ,^ far 
500Q-foot\elevation atmospheric pressure, and for 7<5Q0-fc>ot 
elevation atmospheric pressure. The chart in Figure ^ is 
for sea level air p-ressure. : 



I 



EXAMPLE B:" ' CALCULATION OF ABSOLUTE AND RELATIVE HUMIDITY. 



Given: ' A d,ry-bulb temperature of 70°F and a wet-bulb 
, temperaturfe of 62°F. % 

Find: The absolute humidity and the relative" humidity. 

Solution: Using the psychrometric chart, read upwards fronj 
the dry-bulb temperature of 70°F to the^w^t-bulb 
line corresponding to" 62°F. These intersect 
along the relative humidity curve corresponding 
to -60%. Reading horizontally to the left Jiand 
scale from this intersection gives an absolute 
1 humidity of 0.0115 lb water vapor/lb dry air. 



Jr. 



The psychrometric chart may be used to relate air con- 
ditions to sensations of human comfort, frigure 3 s_hows a 
simplified psychrometric chart v wrth dashed lines showing* three 
regions of subjective comfort levels. The area around the' *« 
leftmost' dashe'd line is condition perceived by most peo- 

ple &s being comf oftable\ (The sensations .of comfort felt 
within this r^nge apply for lightly clothed, , sedentary indi- 
viduals . # The .sensations will", of course, vauy as clothing 
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UWS OF (WET-BULB 
TEMPERATURE (°F> 



UNES- OF SUBJECTIVE SENSATION 
WARM, -SLIGHTLY WARM, 
'CQMFORTABLE 
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DRY- BULB TEMPERATURE l°n 



Figure 3.. Psychrometric Chart. Showing^ Comfort * Levels . * 



and level of activity change.) The center dashed line coi- 
'responds to conditions |erceived as slightly warm, and- the * 
right dashed JLine corresponds to^ conditions considered w%rjn 
by most people. Notice tha't the chart shows that people re- 
quite lower temperatures for comfort as the relative humidity 
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rises. At low relative humidity (le.ss than 5&%), a tempera- 
ture of 77.5°F is perceived as comfortable. As relative 
humidity rises to 80%, the ^temperature at which people feel 
comfortable falls to 75°F. The diamond-shaped area bounded 



'by solicPTTn^s~nrepres-ei^ by the 

American Society of Heating, Refrigerating and Air^Con^TTioiT^ 
ing Engineers, Inc. (ASHRAE) . It may be noted that the cur- 
rent federal standards for public buildings require a minimum 
cooling temperature of 78°F, without regard for the relative 
humidity-. x 



TOTAL HEAT CONTENT 



An important quantity in air coadi tioning is the total 
heat content of the air.* -The total Tieat content, including 
the contribution due to water vapor in the air, is called 
the enthajLpy., Air with a high moisture content has higher 
enthalpy than dry air* at the game temperature, #nd r it-will 
place a greater load on the cooling system. The enthalpy 
is, measured* in units o^ jBtu per pound of dry air. In air 
>con4itioning , dry air at 0?F is considered to have zero 
enthalpy ; ¥ and values gf enthalpy used in air conditionings 

are referenced to this condition as zero. Values of enthalpy 

■ i - — % 

may also be determined from a psychrome^tric chart. Figure 4 
shows a simplified psychromet ric chart giving enthalpy values. 
TJhfe lines running at* an a^igle across the chart represent* 
conditions of constant enthalpy. Note that for constant dry- 
bulb temperature, • the enthalpy increases ,with moisture content. 
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30 40 4 50 60 70 80 90 100 

DRY— BULB TEMPERATURE <°FV 

Figure 4. Psych^omatric Chart Showing Enthalpy. 



• EXAMPLE C: CALCULATION OF ENTHALPY." ' 

Given: The dry-bulb .temperature is 65°F and the mois- 
ture content is 0.004 pounds per pound of dry 
air. _ , ' 

Find:-. — s The enthalpy. ^ „ , 

±M 
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Example C. Continued, 



Solution: On Figure 4, read horizontally from 0.004 pounds 
moisture content, and vertically from '65°?. 
These two lines intersect along the line corres- 
ponding, to an enthalpy of 20 Btu/lb dry air. 



RE FRIGb RANTS~~ 



. . - v / ■ • 

Cooling for air conditioning purposes is produced/by 
a fluid subjected to a> refrigeratibn cycle. A refrigeration 
cycle is defined as M a series of thermodynamic processes ip 
which heat is withdrawn from a cold body and expelled to a 
hot body.' 1 Some working fluid, called the refrigerant , is 
compressed, cooled, and then expanded. As it expands, ,the # 
refrigerant .absorbs heat from its surroundings to provide' • 
Gaoling. ,The compression part' of the cycle raises the tem- 
perature of the refrigerant above that of its surroundings, 
It gives up its heat in a heat exchanger, outside the space 
which is to be cooled. Then, expansion lowers the tempera- 
ture of tfie refrigerant below the temperature 'of the space 
to be cooled. The cooled refrigerant then gains heat in a 
heat exchanger r- inside the space to be cooled - and produces 
cooling within the desired space. "\ < f ♦ 

A schematic diagram of a basic refrigeration cycle is 
shown in Figure 5, This shows the basic components for the 
cycle: a compressor, a condenser, an Expansion valve, and. • 
an evaporator. •The refrigerant in vapor form ek point 1 is 
compressed in the compressor. Mechanical work is expended , 
by the compressor to produce a high temperature, high pres- 
sure vapor at point 2. In the condenser; the vapor cools by 
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heat exch ange witT Pits surroundings; then it leaves the 
condenser as a liquid'at highq^ressyre (point 3). The vapoV 
then expands through a valve, and leaves the valve as a low 

.pressure, low temperature vapor (pointM) «. * At this timfe, 
the vapor absorbs heat in th^f evaporator ,\ producing the de- 

y sired cooling in the surroundings. The fluid is then ready 
for 'another cyple. * 



HEAT EXCHANGE TO SURROUNDINGS^ 



CONDENSER 



0 



Expansion valve 



CH 



MOTOR 



EVAPORATOR 



/ 



COMPRESSOR 



HEAT ABSORPTION FROM 4 SURROUNDINGS 



Figure 5. Schematic Diagram of Basic 
* c * s Ref rigefatioh Cycle.; 

• * A number of different fluids are* used as refrigerants 
Ammonia tNHa) is used' in some systems. Fluprocarbon com-^ t 
pounds (commonly -called Freons) are al%q widely used. An 
example- is Freon-12, which. has the chemical formula CCI2F2 
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The Freons hay*e the -advantage o£ -Being nontoxic as compared 

to ammonia. Ammonia has a higher refrigerating effect (that 

is, it removes moi;e ^fcu^s per pound of ^refrigerant) and, .thus, 

used in many large system's*. » 

The cooling systrem- incorporating this refrigeration 

cycle is often called a chiller when it is applied to air 

conditioning, systems. . ^ t 

Figure 6 shows hot? the pi&s£ure and enthalpy vary during 

fa, * c . 

the different parts of thj| f exrigerat ion ,oycle . The numbers 
l-*4 correspond to the points 1-4 in thfe diagram of Figure 5, 



Figure 6. Schematic "Diagram 
of. Thermodynamic Properties 
During- Refrigeration Cycle. - 
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COEFFICIENT OF PERFORMANCE .» ^ 

The coefficient of performance (COP) is often used to 
compare t he~~performance of 'CoqJLing Systems.' 'COP is* defined 
as "the amount of refrigeration produced, divided by the 
amount of input work required to" produce it.V Thus, COP may 
be written as follows: ... - 
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' nr) Refrigeration effect , *^"" n * . + - „„ n 
C0P = Net work input ' Equation 1 



\ 



COP is also related^ to* the enthalpies at various points 
in* the* refrigeration cycle by the following equation: 



uation 2 




where r v « ' , 

'hi, h 2 , and In = The values of the enthalpy at points 

1, 2, afTd 4 in the refrigeration cycle 
. * -* where the points are as denoted in 
' v Figures* 5 and 6. 

Th& COP, ^as defined in Equation 1, is Essentially -the 
efficiency of the cooling* system. For measurement of the^ 
COP, technicians ysually measure quantities related to the 
amount of cooling produced pey. unit of input energy, rather 
than measuring the enthalpies* of the refrigerant in 'the re- 
frigeration cycle* Thus, practical" determination of COP 
involves* use of.Equatic/n 1, rather than Equation 2. 

The input is generally calculated from the electrical 
input to the cooling system. 'This i§^g"iven byjthe following 
equation : . ' 



\[nput = 



/? x V.x A x PF 
TWO 



Equation 3/ 
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where: 

Input =• Input, in kilowatts (kW) . 

V = The voltage . , # % 

A = The number of amperes flowing (per phase of 

the electrical input) . , ^ 

PF = The*power factor. 

( . 
When the voltage and current in the alternating qurrent 

.system are in phase, the power factor will be equal to one 

(1). In practice, the voltage and current will- ^somewhat 

< 

out of .phase, and the power factor will be less than one' 
This condition will be described in more detail in Module 
EC-Q6 , - , 



COOLING EFFECJ MEASUREMENTS' 

• The cooling effect may be determined by measurements 
at several points in , the system. For example, tfoe enthalpy 
►of the refrigerant in the cooling cycle could be measured; , 
however, ,this is* rarely done. The measurement of cooling \ 
effec.t is usually done by measuring "the change^in temperature 
of the air in. the .building as it flows past the cooling coils. 
Both the wet- and dry-bulb temperatures must be m£asur.ed be- 
caus^of the possibility of condensation of moisture on the' 
coil. Then the cooling effect may be determined by the fol- 
lowing equation: 



. Effect = 60 (h u -'h d j x C x D Equation 4 



4* 



r 
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where 



\ Effect = Cooling effect, expressed in Btu/hr. * 
' h u = Enthalpy upstream of the fooling coil, in 
4 Btu/lb. • - 

h^ = Enthalpy downstream of the cooling coil, in' 
Btu/lb'. 

C = Air ' capacity, of .the system, in ft 3 /min. 
, F 'D = Density of air. , 

The'fi^nsity of air is 'usually taken as 0.075 lb/ft 3 . 
Variations of this va'lue occur with barometric pressure and 
temperature, but use of the ^lue giveiT^btove will, not in- 
troduce a significant error. 

•The enthalpies are determined by taking measurements 
of the wet- and dry-bull) temperatures upstream and then using 
a pSychrometric cK£rt , such *as the. one sht>wn in Figure 7. 



WKT-BULB TEMPERATURl t°f* * 




t 

40 



«0 70 , 60 90 • 100 

0BY-8UL8 TEMPERATURE l°F» 



110 12Q 



Figure 7. Psycjirometric Chart for Enthalpy 
From, Wet-, and Dry>Bulb Temperatures. 
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- — tn r this figure, the ^o±±^rHBSs-'are lines. of constant en- 
thalpy and the dashed lines are lines of constant wet-bulb" 
temperature. 

At times, -the capacity ojf the air system %is simply 
taken as the Vated capacity given by the manufacturer*. 'For 
more accurate determinations^, the cross -sect ional" area of 
Xhe duct and the velocity -of the air flow can be measured. 
Devices to measure the velocity of the air flow are called 
anemometers. One type of anemometer uses a hot wire. The 

J^fate of heat transferred from the, hot wire is a' measure o£ 
air speed. The speed of the air frow is determined from 
either the electrical current needed to keep* the wire at a 
-constant temperature or from the electrical resistance oj 

* the wife when- the current is kejpt constant. 

- This method of measuring the cooling effect, from me! 
surements of the t.emper^ture of the air and its velocity is 
the most common. '.Another method sometimes used requires' 
instrumentation to measure the flow and "temperature of the 
cooled water in the coils. The cooling effect (in Btu/hr) 
is given by the following equation: 



Effect = 500 at F x) (l{ - T 0 ) Equation 5 



where: 

F'= Water flow. 

Tjf = Temperature of/ the water flowing\into tlvg_chiller 

T 0 = Temperature of the water flowing out of ¥ the chiller. 

This- method of determining the cooling effect is easier and 
probably more accurate than the measurements of air flow and 
temperature. However., in many cases, the needed instrument 



tation is k not available. 
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Notice that the cooling effect is generally expressed 
in Btu/hr, whereas the electrical input is usually expressed 
in -kilowatts (kW) . ,To determine the COP, consistent units 
must be used. This can b.e .done with the- aid of these con"- 
version'factors : ; 



1 Btu/hr 
1 kW 



2.93 x 10~\kW 
3,413 Btu/hr ' 



Another unit for cooling capacity is the ton. .Although 
the ton has no basis in the fundamentals of air 'conditioning , 
it is often encountered in practical use. - One ton of copling 
is defined as "12 ,000 Btu/hr . M 



EXAMPLE D: DETERMINATI ON OF COP. 



Given: 



Find: 



In a building* with 50,000 cfm air capacity, 
one measures wet-bulb temperatures and dry-bhlb 
temperatures of 65°F and 90°F (respectively), 
upstream of the cooling coil, and 50°F and.78°F 
(frespe'c/tively) , downstream of the cooling coil. 
The electrical input is 1 , 200* amperes per phase 
at a^voltage of 460 volts and a power factor o^f 
0.9. 

The coefficient of performance. 
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Example D. Continued. x 



Solution: The electrical input is*, from Equation 3, 
J g X - 46 ° 1> X 0<) V 200 >X 5 ' 9 = 860 kilowatts. 

From Figure 7, the Enthalpies upstream ^and down- 
stream of the cooling coil are /(respectively) 
30 and 20. S BtU/lb. The cooling effect, from 
Equation 4 is the following-: 

* 60 x (30 20. S) oc 50 ,000. x 0.075 * 2.14 x^lO 6 * 

Btu/hr 

=627 kW. 

9 

From Equation 1, the COP is as follows: * 1 



STRUCTURE OF COOLI'NG SYSTEMS 

J ' V 

The types o^ equipment used in cooling; systems vary 

from system to^system, and marty^dif f erent models and designs 

are -available. 

' Two common types of compressors are the reciprocating 

compressor and the centrifugal compressor. Reciprocating 

compressors — the more popular type — use pistons driven^ 

from a crankshaft .through a connecting rod. The* refrigerant 

i 

enters and leaves the cylinder through* valves . The operation 
is somewjiat similar to that of an automobile engine. Recip- 
rocating compressors^ range in capacity from less than one ton 
(12,000 Btu/hr) to more than 100 tons. 

- * Centrifugal compressors rely on rotating mechanical ele- 
ments to continuously drive the. fluid through r the compressor. 

' ' . : X24 
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In operation, they are more like a fan or a turbine. Cen- 
trifugal compressors, sometimes called turbocompressors , 
tend to be used in large capacity units with 75 tons capac- 
^it^ay„grea_t e r ^ 

Numerous types of condensers are also available — the . 
r most common of which is the so-called ^shell and tube type. 
This typ6 of condenser consists of many' individual stainless 
ste£l tubes (with diameters of approximately 1.5 inch) con- 
tained within a large circular shell. The number of tubes 
in one shell may range from 50 to more than 1 , 000. TJie con- 
denser may. be arranged, so that the tubes are either horizon- 
tal or vertical. 

The expansion valve provides for cooling of the refrig- 
erant as it expands from a high pressure region to a low 
pressure 'region . The valve controls the flow of refrigerant 
through the evaporator. One common of control uses a 

thermostat that monitors the temperature of the gas leaving 

the evaporator. If the gas temperature is too high, the 

thermostat opens the valve and increases the flow. The 
valve itself is often a needle valve. A cone-shaped poin* 
on the needle restricts the flow of refrigerant through a 
small orifice. The orifice will have a cone-shaped seat to 
match the shape of the needle point. 

-The evaporators, in which the refrigerant evaporates 
in the low : pressurfc portion of the refrigeration cycle, can 
be similar in construction and appearance to the^ condensers . 
Many are also the shell and tube type. 

The refrigeration cycle'- which is carried out through 
these components — leads, to" a cold refrigerant in the central 
chiller. The cold refrigerant is then used in a heat ex- 
changer to' cool either air or water £<yi the actual cooling 
of the building. There are three basic arrangements: all- 
air, all^water, and air-water. , 
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In an all-air system, the building air is passed through 
the chiller and cooled by heat exchange with the refrigerant} 
The air is then passed through ducts to the space that is to 
be cooled. The all-air systems were the first air cooling 
. systems m developed. However, air has a low heat capacity; 
therefore, in order to provide a working fluid with the 

/ capability for " carrying larger quantities of heat in small, 
pipes, water is now* offcen used. Water is cooled in the 

* chi lleJ^^n^ jthen circulated to a point near the space to be 
cooled. Then the air is cooled by heat exchange at the cool- 

^ ing coils.. 

In all^water systems, the chilled water is piped to 
coils in .each space, and room air passes over the coils. 
In an air-water system, both air and water are .distributed 
' to each spafce that is to be cooled. The air is cooled some- 
what and circulated^ through duvets. Chilled water is deliv- 
ered to the cooling coils, which provide the final cooling 
.to the desired temperature. 

The system arrangements are similar t to those already 
described in Module EC-02. For completeness, hpwever, they 
will be. reviewed briefly in t;he following paragraphs. 

Figure 8 shows a single- zone system, analogous to sin- 
gle-zone heating systems. All the air is: cooled by heat 
j exchange with %he water in the cooling coit at one location. 
The portion of .the 'duct containing t^ chiller water coil 
is called ^the cold deck. § ' * 

^ K Figure 9 shows a terminal reheat system., A fixed cold 
air temperature is supplied by £he cold ileck. "Air i^ re- 
heated* in the terminal units when the cooling load is less 
than maximum. Such systems -can waste energy if too much 



cooling and repeating is .required. 
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Figure 8, Single-Zone System, 
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Figure 9. Terminal Reheat System. 
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Figure- 10 shows a multi-zone system in wji^th- heated 
and cooled air are mixed- in each' zone to reach the desired 
temperature. These systems can waste energy. 
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Figure 10. Multi-Zone System. 
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Figure li shows a dual-duct system that is similar to 
a multi-zone system, .^he exception is that both the heated 
-and cooled air are ducted to the space, and the amount of each 
type of air is controlled 'with dampers. This system can 'a£s"o 
waste energy. 




^ " Figure 12 shows a variable-air-volume system.^ In this • 
type of system, only cool air is delivered at times when 
cooling is needed. Temperature is controlled by varying 
the air flow. 'Variable-air-volume systems can correct, some 
erf the energy wasting, features associated with /the systems 
shown in Figures 9-11. However, this discussion will appear 
later in the module. 
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Another broad class of eoqling systems that has not.ygt 
been mentioned is_evaporat ive cooling. °The evaporation of 
water takes up *heat , and thus provides cooling. Evaporative 
cool-ing is much- less expensive than other* types of arr cool- 
in-g. However, it is— only- applicable- to-certain t^pes of 
^c-limat^g -sfor example", the hot, dry climate of the* south- 
-western United States. Evaporative cooling is not useful 
» in af e ea| where summer humidity is high, like most of the 
coastal areas of~~tfre JJnited States, In much. o£ the* northern . 
parts of the United States - from Pennsylvania through the' 
« Gre^t Lakes region to Minnesota — it is possible'to use 
, evaporative coo~ling; but its utiLity is marginal. 

ENERGY SURVEY .FOR COOLING 

l 

• * • 

An audit of energy use relative to" cooling is an -impor- 
tant* first step for energy conservation in the cooling system 
of a specific building. Xhis survey is similar to the heat- 
ing use survey conducted in Module EC-02." A suggested form 
for an energy survey relative to air conditioning equipment . 
and schedules is stfown in Figure 13.' This form also contains 
a checklist ofpractices relevant*to the cooling, season . The 
checklist highlights~some . of the possible ways to save energy 
in a specific cooling system. Later — in the Laboratory — 
the Student will prepare an energy survey for a cooling 
system in a building. 



Page" 30/EC-03 • ' * l3l 



a 



r 



SIZE, GROSS ^Q. FT. 
AREA COOLED * 



TYPE(S) OF'OCCUPANCY: 



Office 

Warehouse 

T" 

Manuf actur i n g 
Retail * 



OR^SQ. FT.) 



Lobbies $ Mall 
(Enclosed) 



(Other) 
(Other) 
(Other) 



BUILDING USE AND OCCUPANCY 

Fully Occupied: (50* or more jof normal*) 

We^kday^s (Hours) * to' * 

Weekends (Hours) *- to 

to 



to 



RemaAs: Describe below if occupancy differs for different floors, areas, buildings: 



Sunday^ 
Holidays 
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COOLING 

Yes Mo 

□ □ 

□ □ 

□ □ 

□ □ 

□ □ 

□ □ 

D □ 

□ □ 

□ □ 

□ □ 

□ □ 

□ □ 



SEASOtf CHECKLIST 



4. 



Are thermostats set, and locked at 78-°F or^bove? 

If thermostats can't be locked, what provisions have been made to keep 
thera at 78°F? 

During nights, weekends, holidays -or when^the .building is unoccupied, 
is the mechanical cooling shut off?"* 

Have provisions b e eft , made to prevent full use of cooling at night, 
when pnly overtime workers are present? , 

Have you raised the "cold deck" temperatu/e (leaving temperature from 
cooling coil) in terminal reheat systems? (38°F is a suggested trial 
setting. ) * - 

Have you raised the chilled wateT temperature leaving your chillers at 
least 2°F? * * 

On all ^comfort cooling DX> (Direct Expansion) compressors and rooftop 
units, have you readjusted SUCTION pressures to raise suction tempera* 
tures by 4°F? 

Have you reduced outside air brought In by rooftops and all other cool* 
ing systems to: 0 6FM unoccupied? 

3 to 10 CFM (per person) occupied? * p 

Have you adjusted economizer control to use out4oor ai|r *for ^cooling? 



10. Have you reduced light levels to reduce the cooling load? 

11. Have you adjusted cooling tower water to the lowest practical limit, 
in order, to -reduce compressor power needed? (Check with compressor 
manufacturer for trial values.) 

12. Have you reduced stotic pressure on high-pressure fan^ystems to be 
consistent with air*delivery at farthest unit or space? 1 



FiguVe 13. En-ergy Survey Form. 
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METHODS OF CONSERVING ENERGY - 

Specific ways in which energy can be conserved in space 
cooling are presented in the following section of the module. 
These methods include 

• control of the chilli operation, 

• reduction of building heat load, • 

• use of outdoor air for cooling, 

. , - ♦ » 

• control of^the cooling coils, 
* •'control of^^^0ff ajis , *aiid 

. • individua^POTi' control . 



CONTROL OF THE Q^ILLER OPERATION 



The c^tr'S^^hiller %s the heart of the cooling, system. 
Various parts" of^^l^^hlller present opportunities , for. energy 

* cons.ervat-ion — such as the pumps , "'compressor , 2nd, cooling * 9 . 
totfer^. Automatic control of the chiller can also Conserve • 
enej'gy. .Specific measures that can be used include* ... 

/ • reduction of the compressor "head, .. * 
\ • i^olatioh of off-line chillers, - 

* „ i • chiller sequencing ^nd control, and 

• spot cooling. ^ / 

( ' . 

Reduction of\the Compressor Head 

• / ' •' ^ 

Reduction of the compressor head will reduce the pumping 
effort "required* from the compressor. This reduction c^n be 
accomplished by raising the temperature of the chilled water. 
The valves will then open wider to permit greater flow -of the ; 
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warmer water so as to provide the same cooling^. The com- 
pressor is then working' against* a smaller tack pressure. 
The efficiency of a direct expansion .ctfiller increases as 
the temperature of the chilled water increases. As a rough 
estimate', the efficiency of the chiller increases ^about l t .5% 
for eve^y degree Fahrenheit th^ tljfe water temperature is 
raised. ^ — ^ ^ 

To determine the optimum chilled water temperature, 
follow these steps: ' 

1. Raise the chilled water temperature one d.egjee at a 
time and wait for the system to settle.out. 

2. Observe the positions of the valves supplying chilled 
• water to each cooling zone. 

3. Continue raising the. chilled water temperature one - 
degree at a time uivtil one valve ^ supplying the heavi- 
est load, is wide* open. ' 

4. If a second valve opens' wide, reduce the chille'd water 
temperature. ^ » 

These steps may be performed automatically under the 
co£itTol of the building automation system. Sensors on* each 
valve determine whether the valve is fully or partially open 
When all' valves are only partly open, the ,building control 
system ^automatically raises the 'temperature of ^the water 
Until one valve is 'fully .open. In ( this way, changing *c!fndi - 
tions of. cooling lb^il n>ay be compensated automatically." 



Isolation of Off-Line Chillers 



s Sometimes # when there is only a small demand for \coo}ing 
the coolid waterjffill pass/ through all the chill'ers -Aeven 
when only one chiller is operating. In" this case, the water 
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flow is higher than deeded — which wastes pump ejierg)^. In 
'addition, the water cooled by the -Operating chiller is mixsd 
with wafer in the non- operating chillers, thus creating a 
situation where the operating chiller 'must lool the water 
more thah is needed. This &lso wastes energy/.' \ 

When the cooling demand is low, the inoperative chillers 
should be isolated .^so that no water "flows through tfrem. . The 
water 'flow rate Should also be reduced. In doing s6, it may 
be necessary to add extra,, valves' to the system; but the energy 
savings can soon pay for' the cost of the. valves; 

• ' \ ' - 

Chiller Sequencing and Control " 



.Many plants have more-than one chillet — perhaps a mix- 
ture of different sizes and types,' all operating together to 

■ provide cooling £or^a builjding. There is s'ome optimum com- 
binations/of chillers that can be used for each Value of- cool- 
ing 'load. f 1 " ^ - 

Generally, .chillers operate at low efficiency at low 
values of. load (perhaps, b'elow 25%), and at very high values 
of load (perhaps above 90%)/' .Often, the chillers operate at • 
maximum efficiency when the load is between 50% and 90% of . 
capacity. The manufacture A of tfie chiller wilL supply data 
on the efficiency of the chiller versus the load.. With this 

♦"information, one can calculate the proper combination of ■ 
chillers" to"" use. v For a particular set of chillers^ - the user 
should calculate the best combination of chillers to tase for 

v m 

ea?h" loadr Then % , automatic controls should be installed and 
programmed to turn the chillers on arid off. The correct 
combination of chillers will provide the best efficiency for 
'changing conditions of cooling demand. - - * < ; 
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'As an example, suppose a plant has three chillers rated 
,-at 100, 200, and 400 tons maximum cooling capacity. These 
'chillers all operate with best efficiency at a load, of 85% " 
capacity. What combination of chillers should be on when 
the cooling demand is 500 tons? 

If the chillers with. -capacyty 100 , 200 , and 4fl0 tons 
are called A, B, and C, respectively, the load of 500 tons 
can be satisfied by the combinations AC, BC , and ABC. The * 
combination. Ac would be at 1-00% capacity, the combination 
* BC at 83.3% capacity, and the combination ABC at 71.4% capac- 
ity.. The combination BC is closest to the-dptimum value. - 
Thus, chillers B and C should be turned on by the automatic' 
controller at- this value of the cooling load. , * 



Spot Cooling ■ % ■ % ; 

% * % « 

* , i 

With large central chillers, there may be some instances 
when small zones need cooling when most of the building is 
unoccupied. Some industrial processes , for example are ' 
temperature sensitive and must be cooled at all times,- even; 
outside- of working hours. This could necessitate running a' 
very large chiller to 'supply only a small amount of cooling. 
However, it might be more .economical to add a small chiller 
(or* perhaps even a room air conditioner) to supply the .small 
amount of cooling needed for the sensitive zone. Then the 
large central chiller could>be turned 'off during %he hours 
when the building 4s, unopcub-ied. 
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REDUCTION OF BUILDING HEAT LOAD 

The requirements for cooling may be lessened by reduc- 
ing the*, amount of" heat entering the building. Every Btu of 
heat* that is kept out is a Btu of cooling energy that does 
not have to be supplied. 

Some of the possible methods for reducing the heat 
entering the building involve major structural modifications 
Such things could include a change in the orientation of the 
building to reduce solar exposure and the addition of insu- 
lation to reduce heat flow through the walls. Such major 
changes to the building will be described in Module EC-07 o.n 
building construction. " • 

This section will discuss more minor and inexpensive 
changes that can be implemented. These include ... 

• reduction of solar heat gain through, windows , 

• reduction of heat gain through *the roof, and 

• reduction of internal heat load. 

Addition of insulation in the walls to reduce conduc- * 
tion 'of heat is less effective in reducing the cooling load 
in the summer than .it is for reducing the heating load in 

winter. This is because the difference between indoor 
and outdoor temperature is usually less in summer than it is 
in winter. Still/ insulation added to reduce heat loss in 
the winter will have soil^e additional benefit in reducing 
heat gain in the summer. 
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Reduction of Solar Heat Gain Through Windows 

In summer, the major heat gain through windows is due 
to solar radiation. Conduction through windows is less. 
Thus, ch ang ing from single glazing to double glazing prob- 
ably would not be economical j ust -foa^^qucing heat gain in 
the summer, ' However, it would be worthwhile for reducing 
heat loss in the winter, and it would , add* some s'mall benefit 
in the summer, 

'Sjill, the largest heat gain through windows is from 
sunlight, % The amount depends strongly on the r exposure of 
the window, as well as the amount of incident solar energy 
at the particular location. Hundreds ,of additional B£u per 
year can enter the building for every square foot, of window 



area on south-facing windows. 

This added heat gain can be reduced considerably with 
shading devices* Shading devices include the following: 

• External awnings and screens • 

• Internal drapes, shades,* or blinds 

• Reflective or tinted glass 

.The costs of these devices vary considerably, and the 
reduction of heating^load must be balanced against the cost 
of the device/ In many cases, the shading devices can rapidly 
pay for themselves . 



Reduction of Heat Gain Through the Roof 

Heat gain through the roof can be*rfeduced by adding 
^ insulation to * the' roof . Another inexpensive method is chang- 

ing the absorption of the roof; If the color of the roof 
is changed from dark to' light, it will reflect more of the- ' 
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incident solar energy. This can be done with paints. or 
sprays, or on flat roofs, with a thin layer of white pebbles 
The changed roof surface must comply with local restric 
tions for roofing materials. It must also be durable enough 
to withstand abrasion. '.The change in color of a roof to re- 
duce heat load is most effective for buildings that have a 
large ratio of roof area to floor area - for example, single 
story buildings. • . ^ 



Reduction of Internal Heat Load 

Activities inside the building generate heat that adds 
to the cooling" load. In many cases, the lighting in the 

9 

building suppli e s th e main , contribution to the internal Iveat 
load. Other contributions may c;ome from industrial process 
equipment, furnaces and ovens, motors, office machines, and 
cooling equipment . 

To reduce internal heat loads, the- lighting levels 
should be reduced. This would also save on the electrical 
energy used to operate the lights. The recommended levels 
of illumination will be described in iModule EC-OS on .illumi- 
nation. ( 

In many cases; the heat from ovens, furnaces, motors \ 
and cooling equipment can tje exhausted directly, to the out- 
side. 

The hot surfaces of pipes, ducts, tanks, and so forth - 
.that are located in air conditioned space — \should be insu- 
lated.* > 0 

All of the above measures can reduce the need for cool- 
ing to offset internal heat production in the summer. 
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USE OF OUTDOOR AIR FOR COOLING 
***«*' 
Use of outdoor air to cool a building can -result in 
lower cooling costs when the outdoor air has a lower total 
heat content (enthalpy) than the returh air. * This can be 
accomplished by 'adding. an economizer cycle to the system 

HP * • 

control. The economizer cycle provides for -i'ncrease^' intake 
of .outdoor air 'when conditions are favorable. / 

Obviously;* when the air is relatively cool outride, then 
it ins less expensive to use outdoor air for cooling rather 
than turning on the air conditioner. However, the control- 
ling factor should be, the total heat content (or/enthalpy) 
of the ,air, rather, than the temperature alone. / / 

The operation of an economizer cycle is yhus : If cool- 
ing, is needed in t-he building and outdoor conditions are 
favorable, the inlet* dampers are opened to increase the in- 
take of air from outside. When the dampers are" fully open 
and further cooling is needed, then the cooling coil is turned 
on. - ' 

In. a simple system, the economizer operation is con- 
trolled by outdoor air temperature alone. When the outdoor 
temperature is below some value (typically 72°F, but lower 
in humid climates and higher in' dry climates) , the damper 
opens to admit outdoor air for cooling. For temperatures 
above the s£t value (typically 72 6 FJ,^ cooling with outdoor 
air is not economical. In this case, the outdoor *air damper 
closes to a position that satisfies ventilation requirements 
only. * * 

This metho^d is not the preferred type of operation. 
Under somqNcondit ions of high 'relative humidity, the heat 
content of the outdoor air would be high. There wouid be a 
net loss by using, outdoor air, even* if the temperature were 
relatively -sLow^ J . 
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If the economizer*cycle uses c&ntrql of. the enthalpy 
(or heat content) rather than control of temperature a!lone, 
the control will be more accurate, and savings will be 
greater. The load on the^cooling coil depends on the^total 
heat in the air, not just the temperature. \ 

A sophisticated economizer cycle will use devices to 
measure both f dry-bulb temperature "and relative humidity.' 
The results of these measurements will be input to the con- 
troller, which will calculate the enthalpy (heat content) 
for both, the outdoor air and for the return air from the 
building. The controller will determine which air source 
will impose the lowest* load on the cooling system. If the 
outside air is the. smallest load, then the controller will 
activate the economizer cycle. 

A schemati c diagram 1 s shown in, Figure 14. This figure 
shows a simplified psychrometric chart, giving the dry-bulb 
.temperature and enthalpy 'of the outside air. In the area 
shown as the hatched part of the diagram, it would - be econom- 
ical, to use outdoor air. To the left of this area, the tem- 
perature is low, and there would be a 'mechanical shutoff of 
the cooling. To the right of* the hatched area, either the 
temperature or, the relative humidity would be high, and dt 
would not be economical to use outdoor air. 

The savings associated with use of outdoor air depends 
on the climate. In hot, humid climates, like Florida, the 
Conditions - in" the summer~~rarely are ideal 'for use of outdoor 
air. In dry climates, like the southwestern United States, 
conditions are very often ideal. 
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ENTHALPY 
(8tu/lb of dry air) 



OUTDOOR Am NOT 
ECONOMICAL HERE 



OUTDOOR AIR 
ECONOMICAL IN 
HATCHED AREA 




DRY- BULB TEMPERATURE <°F) 



V 



'Figure 14^ Control, of Outdoor Air, Based-on Enthalpy, 



savings ^that can 



The savings "that can be realized from the use of an 
econimizer cycle can be calculated from the following equa- 
tion: 



.S -*V-fl 



V r ) ^ D 



100' 50 



Equation 6 



Where ! 



S 
C 

v 

H 



Savings, in $/yr*.\ 

Capacity of the air^ handling system in the building 
ift cfm. . ' 

Minimum ventilation requirement;, in %. 9 x 
Number i)f hours per week that the cooling system is 
operated. * 
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D = Cost of energy, in $/10 6 Btu. . . , 

K = A factor that depends on the climate. 

The factor K is usually in the range from 10-20, being rela- 
tively ^low in humid climates and higher in dry climates. 
For example, K = 10*700 in Houston, Texas, where the humidity, 
is usually high; but K = 20.457 in Las Vegas, Nevada, where 
the humidity is usually low. ~ — 



EXAMPLE E: COST' SAVINGS , USING ECONOMIZER CYCLE. 



Given: An 80,000 square foot office building in Minne- 

apolis, Minnesota, where K - 12.968, the cooling 
system has a capacity of 60;000 cfm, and for 

ventilation the dampers have a mlnim yim opening 



Find : 
Solution : 



of 3.33%. The cost of cooling energy is $3 
per 10 6 Btu. 

The savings associated with an economizer cy^cle 
that operates 55 hours per week. 
The savings are given by: 

60,000 x (1 



3.33 , v 12.968 x 55 - 
TTRP x " x 3 



50 



= 2,482 $/yr. 



CONTROL OF THE COOLING COLLS 

* 

The cooling coils which'cool the air that circulates 
through th^ducts must be used effectively. In dual-duct 
systems, &ir may' be cooled in one part of the system and 
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heated in another part. But the method of mixing cooled 
air and heated air to obtain a desired temperature can re- 
suit in & waste of energy. v The control of the heating coils 
to avoid this waste has already been described in Module 
EC-02. The following section of this module describes 
similar methods for the control of cooling coils to avoid 
a waste -of energy. The appropriate measures include ... 

• reset of cold deck temperature (or enthalpy) , and 

• zone optimization. 

Reset of Cold Deck Temperature (or Eiithalpy) ' ^ 

The cold ,deck refers to the part* of the duct that con- 
tains chilled water coils. If the cold deck is heid at a 

~coii s t a n t t enfp e r atu r e~j~Tft e ~r e sul t will be a waste o£ energy. 
The air cooled in the cold deck will be reheated or mixed 
with warm 'air at all times Except dur.ing the maximum cooling 
demand. If the cold deck controls' respond to- the area with 
the greatest cooling demand, energy cap. -be saved. As the 
demand. for cooling is reduced, the" cold deck temperature can 
be raised — a^ procedure that can be applied to systems, in 
which there a$e dual' hot f and cold ducts, as well as to multi 
zone systems. • 

Wh.en cooling demand is low, such" systems may waste 
energy in the following manner: .Sometimes air in the cold 
deck is cooled more than is necessary. Then this air that 
is too eCQld must, be remixed with warmer air in order to- ob- 
tain the desired temperature, The .energy that it took to 
warm this air was wasted energy. An , increase (or reset) 

.woul'd eliminate much of this energy waste. 

— Reset of the cold deck temperature should bp based on 
response to the cooling load ^.n the following manner: 
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Temperature and humidity detectors sense 'the maximum cooling 
load. Then, the controller compares the needs of each cool- 
ing zone and produces a cooling output that satisfies just 
the needs of the zone with the greatest deflhand. Tlfis, method 
often allows the cold deck temperature to be reset upwards 
sa that energy is saved. Thus, the reset may be a reset 
based on enthalpy rather than temperature. 



Zone Optimization 

Zone optimization is useful for systems that cool the 
air &nd then use terminal reheat to produce the desired' 
temperature in each zone. If every zone is reheating** the 
cold deck is too cold. Cooling energy is being wasted\n 
the cold deck, and, at the same time, heating energy is D^ing 




wasted ay'the rehea,t . coil; 

Money and energy can be Xs s^yed by the uss of load;analyz- 
ing controls. The controls ijieasure the demand of each zo/ie 
and adjust the supply of cold air for the zone so that the 
reheat energy is minimized. This procedure satisfies the 
zon^ with the greatest need for- cooling and reduces the 
supply of cold air .to zones -that need less cooling v _ Thus , 
less energy used f<jr cooling and energy used in terminal re: 
"heat mav be wasted. — 



Savings #rom Improved Cooling Coil Operation ^ 

The savings from- reset of the cold deck temperature may* 
be determined from the following equation: 



Page 44/EC-03 



E = 0.045 x C x P c x AH x H 0 x W Equation 7 



where: 

E = Energy saved/ in Btu/yr. 

*C = Capacity o£ the copling system, in cfm. ' 
P c = Percentage of air passing through^t]}£ co-Id deck. 



AH = R^set o£ the *col-d* deck in terms, ofjj^jithalpy , in 
i Btu/lb. 



H Q = Number o£ hours per week 'of operation. 
W = Number o£ weeks per year in the cooling season. 

For an office building in Chicago with a*20.9 week^ 
cooling season, with a 60,000 cfm air handling capacity with 
50% of ^he air flow in^the.cold deck, and wit^i 6(> occupied 
hours p-er^week* a resets of .the cold. deck by, 1.5 Btu/lb would 
Vive an stiergy s aving of .. . * _J • 



E = 0.045' x' 60/000 x 50 x 1.5 x '60 x 20.9 
= 253.. 9 x 40 6 « ' , 





At an' energy cost* of $4^10 b Btu # , this would result in 
savings of $1016 # per year.J 
f < * 

CONTROL OF THE FANS * 

/ ' ' '• 

Large fans circulate' cooled ai*r through buildings. If 
the fans are constantly operating, they waste, significant 
amounts of energy. Fans should be controlled so they can- 
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be shut off when not needed* , The following section dis'cusses 
two methods for controlling the operation of the fans: 
duty-cycling of fans, and 
• equipment scheduling . 



Duty-Cycling of Fans 



The- duty-cycle program conserves energy by shutting 
•down the faas for a portion of their -normal operational 
period* The procedure may be a sample, fixed &FF*periq^i 
per cycle, or it may be a modulated OFF-period based on 
temperature* The duty-cycling of the^fans is controlled 
>y the building automation system. 

Areas that need subs tant ialNtentilation are not good 
candidates for duty-cycling of fans. 




Equipment Scheduling 

Automatic scheduling of the cooling system save energy 
» in two ways : • 

•■ electric energy for operation of fans, and ' . , ^ 

• cooling energy for ventilation of air. 

Energy savings come/ from a weekly schedule 'in which 
equipment is turned on and off in '-accordance with the hours 
the building^is occupied. 'The 'equipment scheduling, under' 
the control* of the building automation system; should include 
varying srlrt and stop tinted* so -that morning cool-down tim£ 
is no longer than needed. The indoor and outdoor temperatures - 
are measured to determine the proper start time. 



i 
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Flexible scheduling of this type is needed in oyder to 
achieve, the greatest reduction in the use of cooling energy. 



Savings- from Fan Control 



If fan operation is reduced, the e^ctrical energy 
^savings, in.kWh/yr, are given by the following equation: 



\ 



E=0.8xH p xHxW 



Equation 8 



whete : 



Hp = Hdrsepower rating of the fans* 
H = Number of hours per week that fan operation is 



reduced. 
W = Number of weeks. ♦ 

.For a reduction of just seven hours per weefc in fan 
i operation — for a 50 -hp fan system, for 52 wee^s — the sav- 
ings would be • . . \ 



,E = 0.8 x 50 x 7 x 52 
= 14,560 Ktfh, , 



At an electrical energy cost of $0.4/kWh, this is a yearly 
savings of $582/yr. Note that this reduction in fan opera- 



tion can be^applied all year, in" both the cooling and heating 



seasons 
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INDIVIDUAL ROOM CONTROL t 

The final part of the system for -which savings are 
possible involves control of the space being cooled. Methods 
for saving cooling energy in the individual cooling zones 
include . . . , 

• raising the cooling thermostat setpoint, 

• separating heating and cooling setpoints, and 

• conversion from constant-air-volume to variable-air- 
volume. 



Raising the Cooling Thermostat Setpoint 

' The thermostat should be turned up to 78°F (or higher) 
during the cooling season. Savings 'of cooling energy result 
from keeping Jthe temperature at a temperature compatible 
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with new standards. The U.S. Government standard for public 
buildings is now 78°F during the.cooling season, except 'for 
buildings for which an exception is granted. -(A hospital 
might be an example of a building for which an exception 
would Be appropriate. ) 

The cooling "thermostat; should be locked so that the 
occupants of the room cannot readjust it. 

\ 

Separating Heating and Cooling Setpoints 

A zero energy band of temperatures should separate 
cooling and heating setppints*. When the temperature is/in 
this band, neither heating nor cooling # energy is ne/Saed. 

• *. • •" " ' 

- . - n * i 
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If the heating thermostat is sel'at 05°F and the cooling 
thermostat at 78°F, the zero energy band will range from 
65 to 78°F. 

Without such a separation, the two thermostats could . ' 
be turning on the heat and cooling alternately^ the cooling 
system would cooi^the space, and the heating system would 
heat it up again: Obviously, this situation is wasteful of 
energy. ' " 



Conversion from Cons tant -Air-Volume, 
to Variable-Air-Volume 



Some buildings mix heated air and cooled air to produce 
the'desired space temperature. If cooling is desired, the 
amount of cool air in the mixture is 'increased. The' total 
amount of air delivered to the room is constant.- .The mixing' 
controls the temperature. 

This procedure is wasteful since energy was used to heat 
the warm air and to cool the cool air. A^ better method* would 
be to control* the volume of air entering the room. If cool- 
ing is desired, thQ volume of cool air is increased; then/ 
when fhe temperature reaches the 4 desired value, the flow-of 
cool air' i^ reduced. Heated air is not used since it is not 
needed. 

The conversion from . constant-air-volume to variable* 
air-volume is easily accomplished- in' many cases simply by • 
usi-ng-^m automated control— for the dampers that control the 
airTlow. Often, the need for replacement of equipment is. 
minimal * 
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Savings from Individual Room Control 

The savings in energy from proper control of the tem ~ 
perature in cooled areas may be determined from the follow- 
ing Equation: 



E = f x 4J x H x'W Equation* 9 



where: 

E = Energy saviit&s^in Btu/yr.' 

F A factor defining heat transfer -from the building 
AT = The. amount by which the temperature is increased 
in the cooled area, in. °F. 
* # H - Number*' of hours per week that the temperature is 
increased* _ " . \J2 

W = Length of the cooling system, in weeks. 



The factor F is in unit3* of Btu/hr/°F. This factor varies 
from building to building, depending on the s ize , type of 
construction, insulation, number of windows, and so on. 

As an example* an 80,^00 square foot, two-story office 
building has a heat ti;ansfe)T factor F equal to 16,200 Btu/ 
hr./°Fl "If the cooling thermostat setpoint is increased from 
74°F to 78-°F- for 24 hours a day, for seven days a week* for' 
a cooling season 20.9 weeks in Jength, the annual savings 
'will -be . . ! * . 



j 
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A 



• E =. 16,200 x 4 x 168 x 20.9 - 
= 227.5 x 10 s B'tu. 



i 1 

At a cost of $4/lCT* Btu, this will be a savings of $910/yr. 




EXERCISES 



1. " List, describe, and explain conservation measures 
related to the following: # '^.y 



a . 


Control of chiller operation 


b. 


Reduction of building heat load 


,c . 


Use of outdoor air for cooling 


.d. 


Control of 'the cooling coils ^ 


e . 


Control of the fans 


f . 


Individual room control 

4 


Define the following tejms: 


a . 


*Wet-bulb temperature 


b. 


Dry-bulb temperature 


c . 


Hygrometer 


d. 


P^ychrometric <chart 


e . 


Relative humidity 


f . 


^ Coefficient Qf performance 



3. . Consider the following: \A school in , New . Orleans , 

Louisiana,, has a climate factor K that is equal to 
11.137, with' air capacity .ajt. 50 , OOu cfra and minimum 
ventilation of 51. If "eneFgyToFncooITng~cira 
• Btu, what would be the annual savings if an economizer 
cycle is used for an operating period of 40 hr/wk? 

4. In a factory in Oklahoma City that has a 19. 5-week 
cooling season, the cooling -system has a capacity of 
120,000 cfra.' Lf the cold deck is reset byl.7 Btu/lb 

' ■ for an operating time of 55 hr/wk, what are the annual 

savings? Assume cooling energy 'costs $3\67/10 6 Btu 
and that 50% of the air flows through the cold deck. 

5. For an office building in New .York City that has a 20- 
week cooling season, the operation of the fans is. re- 
duced by 8 hr/wk. '.For a 100-hp fan system, what aje ) 
the annual savings if electricity costs 4.5<£/kWh? ^ 

* # * < 

• *. * 

EC-Q3/Page 5 

153 



6. For an apartment building in Memphis, Tennessee, where 
the cooling season lasts 30.4 weeks, the thermostat 
setpoint is increased from 72°F to 78 q F,.24 hours 'each 
day. If the building has a heat transfer • coefficient 
of 30,000 Btu/hr/°F, what are the annual energy savings, 
expressed in Btu? 

LABORATORY MATERIALS 

Hygrometer 

Anemometer f 

LABORATORY PROCEDURES 




In these experimental procedures, the student will pre- 
pare an energy survey for cooling in a particular building. 
The studen't will^also measure the refrigeration effect pro- 
duced by the cooling system, in the building, as well as the 
coefficient 6"f performance for the cooling system. 

A sling hygrometer may be used, but other types of • 
hygrometers are also acceptable. A hot wire K anemometer may 
be used. Other types of anemometers are also acceptable. 

The student must have accesis to^ the cooling system in 
some building. A building (a school or office, for example) 
with a large central chiller is preferable. Officials at 
the" school where this course is offered may be cooperative 
in providing access to the cooling system. *»JL£ no other 
building is available, a private home with a central air 
conditioning system could be used; howeVer, 'this is not pre- 
. f erred. 
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Carry out an energy survey of the cooling -system. Use 
the' form and checklist provided in the Data Table, Do 
not be concerned if i*t is difficult to find all the 
informations Building maintenance personnel may be 
helpful in locating some, of the items. 
Measure the total cooling' effect from the cooling sys- 
tem. Access* to the duct system upstream and downstream 
of the cooling coil will be needed. 

a*, Use the hygrometer to measure wet-bulb temperature 
and dry-bulb temperature. Measure both quantities 
both upstream and downstream of the cooling coil. 
Then use Figure 7 to determine the enthalpy both 
upstream and downstream of the cooling coil. fc 

b. % Then determine the capacity of the .cooling systemV- 
Me^sure the velocity4V J[ft/min) of "the air in the 
duct, using the anemometer. Measure the cross- 
sectional area of the duct (in ft 2 ) . The Capacity 
C in cfm is then given by the following . . . 



C s V x A 

Enough information *has been found now to use 

Equation 4 in calculating the cooling effect 

(Btu/hr) produced by the cooling system, 

c. If the cooling system has suitable flowmeters and 

temperature measuring devices on the cooling water, 

use them to measure water flow and temperature of 

the water as it flows into and out of the chiller. 

.Then use Equation 5 So calculate the. cooling effect 
# 

Compare the result to that obtained from the air 
temperature measurements. 

i 
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3. \ Measure the coefficient 'of performance of the cooling' 
\system. UsS the rated voltage *and amperage of the 
I /^chiller in Equation- 3 to obtain the input. The power 
* factor is difficult t& determine. The building engi- 
neer may be able to supply an estimate. Otherwise, 
use an estimated value of 0.9. Calculate the input; 

_„then us e the result , alon g with the ea r l i e f determina- 

1 tion of cooling effect in Equation 1, to determine the 
coefficient- of performance of the cooling system. Re- 
member to use consistent units for the two quantities. 
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DATA TABLE 1. ENERGY SURVEY FORM. 



SIZE, GROSS SQ. 
AREA COOLED 



FT. 



TYPE(S ) OF OCC UPANCY: (* OR SQ. FT.) 



Office 



Warehouse 



Manufacturing 
Retail 



Loobies 5 Mall 
(Enclosed) 



(Other) 
(Ott)er) 
TOtheTT 



3UILDIKG 'JSE AND OCCUPANCY 

Fully Occupied: (50^ or more of normal) 

tfeexdays (Hours) : 

Weekends Hours) 



to 
to 
to 
to 



Sunday 
Holidays 



Remarks: Describe below if occupancy differs for different floors, areas, buildings: 



COOLING SEASON CHECKLIST 



Yes 


No 




□ 


□ 


1 • 


□ 


□ 




□ 


□ 


5 . 


□ 


o- 


4. 


□ 


□ 


5. 


□ 


n 




□ 


a 




□ 


□ 


3. 


□ 


□ 


9. 


□ 


□ 


10. 


□ 


□ 


11, 



de to ke£p^^ 
occupied, 



□ Q 



Are thermostats set and locked at ?8°F or above? 
If thermostats can't be locked, what provisions have been made 
them at 78°F? 

During nights, weekends, holidays or when the building is unoc 
is the mechanical cooling shu* off? 

- Have p ro vi s i ons- b ean~made tb^re vent ful l use oft cooling at night > _ 

when only overtime workers are present? 

Have you raised the "cold deck" temperature (leaving temperature from 
cooling coil) s in terminal reneat systems? t58°F is a suggested trial * 
seftmg.) 

Have you raised the chilled water temperature leaving your chillers at 
least 2°F? 

On all comfort cooling DX (Direct Expansion) compressors and rooftop « 
units, have yob readjusted SUCTION pressures to raise suction tempera-* 
tures by 4°F? 

Have you reduced outside air brought in by^ rooftops and all other cool- 
ing systems to: 0 CFM unoccupied? 
5 to 10 CFM (per person) occupied? 

Kave you adjusted economizer control to use outdoor air for cooling? 
Have you reduced light levels to reduce the cooling load? 
Have you adjusted cooling tower water to the lowest practical limit, 
in order to reduce compressor power needed? (Check with compressor 
manufacturer for trial values.) 

Have you reduced static pressure on high-pressure fan systems to be 
consistent with air delivery at farthest unit or space? 
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Fill in the blanks. 

> i 
Conservation methods related to control of chiller 

operation include, redilct ion of the load, 

' of o£f-line chillers, chiller 

and control, and ,cooli/[g. 

Conservation methods "for cooling related to reduction 

of building heat load include reducing - 

through windows, reducing 



through the roof, and reducing the 



heat load. 

Use of outdoor air^jfar cooling is accomplished with 
an ' — cycle. * 
Control of the cooling cycle can include 



of cold deck temperature and _^ optimi- 
zation. • ~~ 

Conservation measures related control of fans in- 
clude - of jtfhe^fans and equipment 



Conservation ^measures related to individual room con- 
trol include raising the cooling thermostat 



J y /_ 2 heating'and cooling set- 



points, and Conversion from constant air volume to 



The % cooling thermostat should 'be set no lower" than 



- \ 



The : i L , measures ,wet-and dry-bulb tempera- 

tures . • * ' 

The components used in- a refrigeration cycle include 

a compressor,, a , an" , 

and an 
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10, The total heat content of moist air is called 
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ENERGY TECHNOLOGY 

CONSERVATION AND USE 



ENERGY CONSERVATION 




MODULE EC-04 

CONSERVATION .PRINCIPLES AND EFFICIENCY MEASUREMENTS 
\" (HOT V^TER AND STEAM SUPPLY SYSTEMS 




INTRODUCTION 

rr. T 

Tlvis module is designed to give^thg student specific 
skills to improve the energy efficiency of hot water^Stnd 
steam systems. It also defines and identifies the 'variables 
associated with en>ergy ^oss and discusses ^specif ic methods'^ 
for reducing energy loss. 



j . PREREQUISITES 



The student should have a* basic understanding of algebra 
and physics and should have completed Modules EC-01 through 
EC- 03 of Energy CoflsenrgtTorf * % f 



OBJECTIVES 



Upon completion of this module, the student should be 
able to: 

1-. Perform calculations related to the transfer of heat 
energy. f p * 

2: Define the following terms: , - - — r- 

a. x Conduction. ^ \ m 

. b. 1 Convection. •* - 

c. Radiation. . 

3. List causes of pressure and flow loss. 

4. * Describe methods of reducing energy consumption in hot 

water and steam supply systems. Include methods that 
reiluce th^ load, redvce^ losses , and increase efficient 

5. Conduct an energy 6 survey for a steam or hot water supply 
system* in a specific building^. 
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6. [Estimate the amount of energy that can be saved by' add- 
ig insulation to steam or hot water* pipes. 

7. Make, measurements on the temperature, of a hot water or 
steam distribution system in, a particular building/ 



r 
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SUBJECT MATTER, 



HOT WATER! AND $?EAM SUPPLY SYSTEMS" 

* 

In many systems', heat is transferred from a furnace or 
boi-ler to a remote point by a hot fluid — either steam or 
w|ter. For a given. volume of the fluid, steam and water are 
capable of^delivering more heat than air. Thus, heat trans- 
fer using water or steam requires relatively small pipes, 
whereas heat^ transfer using air requires larger ducts. - 

This module describes methods that can be used to re v duce 

losses of energy in the transfer of heat by -Jiot water or/ - 

• , & 

steay. # 1 * 



HOT WATER SYSTEMS . 

jjot water systems use "components that ar^long- lived and 
relatively^simple . Thus, with reasonable mainteaance, hot ' 
water systems can bperate efficiently over long periods^pff ^ 
time. In th^s.e systeitfs, water is heated in a boiler or in a 
heat exchanger and is' then delivered to a Temote * location 
>fctfrough pipes_._Jhe heat from the water can be used for ei- 
ther space beating or for industrial processing, (krculation 
of the water through the pipes can be accomplished by either 
the forced or natural method. In a system using natural cir-, 
culation,* the heated water expands* and rises. ^ Colder water 
then flows in to take its place. Th5s , the circulation's 

•driven by differences in density between hot and cold water. 

» 

In a system usiifg* forced circulation, pomps drive the w.ater 
through the system.' Most modern systems now be'ing installed 
are the f oree~d"tclTcul:ation types, although some imtuxal_j^irj: — 
culation systems) are still in use. „ 
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BOILER 



PUMP 



*- R 



R -J 



R n 



Rn RADIATOR 



Figure 1. Schematic Diagram of Single- 
Pipe 'Hot Water System. 



There are* 
numerous arrange - 
. ments for hot 
water circula- 
tion systems, 
but the* two ba- 
sic types are 
the single-pipe 
system and the* * 
two-pipe system. 
„ Figure % 1 shows 

the elements of a single-pipe system. In this system, water 
heated in tJ*eboiler is driven by the pump through the main 
pipe. This sijrrg^ pipe carries the waiter in a loop and fi- 
nally returns £he cooled water to the Radiator. At points 
where heat is needed (shown in Figure 1 as radiators for space 
heating), hot water flows through, connect ing piping to ^he 
radiators. The- water flows through the radiators and then re- 
joins the flow in the main pipe. : 

The design of & 'two-pipe hot water system is shown in 
Figure \. The*'~dashed line shows the return part^of thfe cir- 
cuit*. The cooler^water emerging from a radiator joins the 
return line but .does not circulate through additional radia- 
tors. Iji th-aTs design, higher water temperatures are main- 
tained at each radiator in the circulation ltiop. 

Components used* in hot water systems include pumps, val- 
ves/ expansion tanks, and pressure relief valves. The pumps^ 
are usually the centrifugal type fhafc^use a rotating impeller 
'on a horizc^tal^shaf t driven by an electric mptor. 'The 'val- 
ves, which may be* either manually or electrically actuated, 

« 

are used to close off, parts -of* the system — for example, to 

\ 
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□i 



R= RADIATOR 



Figure 2. 4 Schematic Diagram of Two-Pipe Hot Water 
System (Arrows Show Direction of Flow) . 



shut off a, particular radiator. They ar.e als,o used to add 
water to the system when necessary. The expansion tank is 
needed because of the difference in volume between hot 'and '« 
cold water. Air is trapped in the tank and is compressed *as 
the water heats and expands. If the air .pressure in the, tank 
increases too much, wafer fs released through the relief 
valve. . r ' t 



STEAM SYSTEMS N 

> 

In steam systems, the circulating hot fluid is steam. 
In many # cases, the basic system design is similar to that of 
hot watet systems; In,s,ome cases, a hot water system can be 
converted to steam, or vice versa. The -us^ of superheated 
steam does allow for higher temperatures than water systems 
can supply. Because of this, industr-ial process heat 4 cstn be 
supplied at higher temperatures than would be possible wi'th 
hot water. • ' ■ . . < 
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Both the one-pipe and the two-pipe design can be used 
in steam systems. The considerations., are similar to those 
involved in one-pipe and two-pipe Jiqt water systems. The one- 
pipe steam system uses a single tyain pipe to carry s'team from 
the boiler .and eventually return it to the boiler as a wet 
consensate. The steam/i!s diverted into radiators or other 
heat exchangers at each point' where heat is needed; then it 
is returned .to the main line. 

4 1 . 

The two-pipe steam system has two branches in which 
steam and condensate flow separately. The steam flows into 
'each radiator in the steam branch and then emerges directly 
from the* radiator into the return branch. The general design 
is similar to that of the two-pipe water system. 

The flow of steam in the- pipes is driven by pressure dif- 
ferences. When the boiler produces steam, the volume of th'^ 
steam is" much greater than that of the water which was boiled. 
The resulting pressure increase' drives the steam through the 
"pipes. At the other end of 'the system, the steam condenses 
back to water, the volume shrinks, and the pressure drops. 
This ^procedure increases the pressure, difference and helps to 
driv*e the flow. Because of the greater ^ressufe differences 
possible in steam systems, many steam systems only use natu- 
ral circulation without pumps. ^ • 

In.some cases** gravity alone does npt^ expedite the re-/^ 

turn o£ the^" condensed steam to the boiler — in, which case,, 

pumps* axe used Jto drive the water b&ck to the boiler /• 
§ # 

Components used in steam systems often include 'air vents, 
pressure^ relief valves^ and pumps. Because the pipes usually 
contain some air when the steam is produced, £he air must J?e 
vented to allow efficient flow of steam. halves are— d>e- 

. signed to a^low air to flow out, but they will clos^-wfren 
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stean? begins to escape. Pressure relief valves are needed 
for safety. ■ Centrifugal pumps may be used in cases whefe 
steam is condensed into water and then pumped back as water 
into the boiler. In other cases, vacuum pumps are used on 
the return side of a steam system in ordeV to maintain a de- ' 
sired pressure' difference . -The vacuum pump produces a reduced 
pressure (usually below atmospheric pressure) Which allows 
moje efficient flow of the steam. 

, Both steam- and 'hot water heat transfer systems .can oper- 

\ 

ate with high .efficiency. However, there are many places 
*• * . • • 

where energy can be lost\from either system. For instance, 
heat m^ .be transferred directly out of the pipes' at the 
places whgfe'it is not needed; or, a malfunction of valves or 
other components can cause loss of pressure or reduced flow. 
A well designed monitoring and maintenance program can reduce 
these energy- losses . * . '* . 



S TYPES OF HEAT LOSS 

Heat can be transferred fjrom hot bodies by thrVe methods: 
conduction, convection > and r^iation. Many of the Jcomponents 
in heating or cooling systems have a temperature that is dif- 
ferent from their surroundings. The ducts .and pipes that 
carry, hot air or hot water-can lose heat to the surrounding 
areas, or the ducts and pipes carrying a coolant can gain 
heat,. In either case, the hea^ transfer process can result 
in a loss of energy. Significant transfer of hea*— energy can 
occur by each* of these three methods; therefore, each is* 
important in the design and operation of 'heating 4 or cooling 
equipment. - 
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For a more specific .description of heat, transfer , empha- 
sis is placed on heat loss from hot bodies ; but the student- 
should remember that heat gain by cooled materials will occur 
in the same way. 



< CONDUCTION 

\ If one end of a piece of material is at a high ' tejnpera- 1 

ture and the other is at a low temperature, heat energy will 
flow from the hot end to the cold end. A spoon with one end 
.in a pan of boiling, water will soon burn a hand holding the 
other end, for example. This transfer of heat energy occurs 
by a process called conduction. Conduction involves colli- 
sions Of atoms with their .neighbors and a transfer of energy 
between thelatoms. As a net result, heat energy is trans- 
ferred through the material. 

Conduction of heat occurs only when different parts qf 
the material are at different temperatures, The heat energy 
always flows from a region of .high .temperature to a region 
of lower temperature. Thus, conduction may be defined Jas 

~~ "the flow of heat through a material because of temperature 
difference. M 

The amount of heat ,f low through a piece of material of x 
•amount of feet thickness is given by the following equation 
(Equation 1) : : % 



Q = K A (T h - T c )/x- Equation 1 
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where: 

Q = The 'amount of heat flow, in Btu/hr. 

K - A property of the material, called the thermal 

conductivity. - 
A = The cross -sectional area of the material, in square 

feet (area perpendicular to the direction of heat 

flow) . 

= The temperature of the-hot side, in °F. 
T c = The temperature of the cold side, in °F. 

The thermal conductivity has units Btu/hr/ft/°F - which 
is sometimes written as Btu/hr/f t 2 / ( °F per ft). This tends 
to be high for materials with high electrical conductivity 
(like metals) ind tends to be low for materials with low elec- 
trical conductivity (like electrical insulators) . Some values 
Of thermal conductivity are presented in Table 1. Not^e that 
these values vary over a wide range. Because of this fact, 
the amount of Heat flow can be changed by' the choice* of mate- 
rial. If an insulating material is used, heat losses by con- 
duction can be significantly reduced. Thermal conduction' 
transfers heat from the hot fluid inside a pipe or duct to 
the outside, and insulation- around the pipe or duct can reduce 
this heat loss. 



/ 



TABLE 1. VALUES OF THERMAL CONDUCTIVITY. 



Material 


* Thermal Conductivity 
(Btu/hr/ft/°F) 


Aluminum 


(alloy) , 


V 128 


00 


Asbestos 


insulation 


^0 


09 


Brick 




0 


40 


Concrete 




0 


54 


Copper 




227 


00 


Glass (silicate) 


0 


59 


Iron (cas 


t) 


27 


60 


Nickel 




' 34 


40 


Plaster 




0 


43 


Steel 




26 


20 


' Wool • 




' 0 


.02 



EXAMPLE A: HEAT LOSS BY CONDUCTION, 



Given: A window of silicate glass has an, area o£< eight 

square feet and a thickness of 0.25 iftch. ■ \Sup-- 

pose that the inside surface if at the tefnpera- 

♦ 

ture of the indoor air (70*F) and the outside 
surface is at the temperature of the outside ; 
winter air (0°F) . • 

* 

Findr How much heat passes through the window by con- 

duction? ■ * 1 , 

Solution: The thickness is 1/48 foot; The thermal con- 
ductivity .(from Table 1) is 0.59 Btu/hrAf t/°F . 
Inserting the values in the equation for heat . 
conduction gives thfe' following : 
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Example A. Continued. 



Q = 0.59 x 8 x (70 - 
Q = 15,900 Btu/hr.. 



r/d/48) 



CONVECTION 

♦ 

ConvectiQn reters to the transfer of heat from Qne place s 

to another by the movement of hot material. Convection may 

♦ 

be forced — for example, by a pump or a blower. The .pump or 
blower causes a hot fluid to move around and, thus, to deliver 
heat from one place to a different place. An example is a 
hot-air heating system. Air that was heated in the furnace 
is moved by the blower through ducts^to the spaces where heat^ 
is needed. - 

'HeJat flow by convection can also occur without blowers, 
fans, or pumps, forcing the fluid tt> move. .The differences 
in density (in the fluid] and the action of gravity will 
cause fluid to move and to transfer heat. For example, air 
that is near a hot surface will be warmed by conduction of 
heat. » This warmed air will be less dense and will flow up- 
wards. The cooler air that continues to replace the air that 
was warmed and moved upwards is, in turn, warmed' and -also m 
mdves upwards. Thus, convection can be a source of heat loss 
for hot pipes, ducts, furnace walls, and so forth. Convec- 
tion that occurs in this manner is called natural convection, 
or free convection. 

The mathematical relationships that describe thetrans- 
fer of heat by convention afe complicateq^and depend strongly 
on the exact situation. For example, natural convection 
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depends on whether the surface'is flat or curved, horizontal 
or vertical, and so on* The equations describing gonvection 
can assume a variety', of forms. Although it is beyond the > 
scope -of this module to give a mathematical description of 
convection, it '.is important to note that convective heat loss 
qan be a serious source of energy loss from hot components in 
a heating system, ' 



RADIATION ' > " . >• 

Warm bodies radiate heat energy as electromagnetic radia; 
tion. Bodies that are very hot (red hot or white hot) glow 
visibly; they "emit radiation as visible light. B.odies that 
are somewhat less warm do not emit visible Light, but they do 
emit radiation at longer wavelengths in the 'infrared portion 
of the spectrum. The emission of radiant energy by I heated 
body can account for a significant amount of energy loss. * 
The transfer of heat as radiant energy is called radiation. 

The amount of radiant energy -emitted by a surface is 
strongly dependent upon temperature. It also is dependent 
upon the nature of the surface. The amount of radiant energy 
can-be expressed by the 'following- equation (Equation 2): 

E = a A e T 1 * Equation 2 

where: ' 

a = A constant which- has a numerical value of 
•1,713 x JLO" 9 Btu/hr/ft 2 /W u . 
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A = >l'he surface area o£ the body. 

c - A dimensionless quantity called the emissivity. 
T = This temperature, in degress Rankine (R) . 

When tnese units' are used, the radiated energy E is in Btu/hr 
The temperature mu$t be expressed as an absolute temperature, 
in degrees *Ranlcine. ,The expression of temperature /in degrees 
Rankine is related to the *Fsfftrenheit temperature tyy the fol- 
lowing relation (Equation 3): / • 

r~" ■ ; 

■ \ 

T r\ = T F' + 459 - 7 Equation 3 




where : 

and Tp = The temperatures in degrees Rankine and 
degrees Fahrenheit , . respectively . 

For purposes of this module, it is accurate enough to approx- 
imate the value of the Rankine temperature by usiflg Equation 
4 below: 



T- = T n + 46.0 .Equation 4 

it 



(Note that one cannot use the temperature in degrees Fahren- 
heit - nor in degree^Celsius - in the equation for thermal 
radiation.) ' * ' 

The emissivity is a property ,of the surface, and is 
strongly dependent upon the exact condition *of the surface. 
The' emissivity is dimensionless and has a numerical value. 



, lying between 0 and 1. 

v 
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For a particular material, the value will. depend on 
whether the surface is clean or dirty, rough Or- smooth, oxi- 
dized or unoxidized, and so forth. Thus, one cannot specify 
exact values of emissivity for different materials. Table 2 
presents some typical values of emissivity * for some common 
materials; hoffever, these values are only approximations. 
Since the metals, used for pipe and ducts are not polished and 
may be rough and oxidized, a typical value for the emissiVity 
of a bare metal pipe or duct might be in the range of 0.2 to 
0.3. 



TABLE 2. TYPICAL VALUES OF* EMISSIVITY FOR SOME MATERIALS. 



, j Material 


Emissivity 


Asbestos* 


0.9,3 - 0.9 5 


Lampblack (carbon) 


0.99 


Metals, duil and oxidized 


0.2 - 0.3 

m 

0.05 - 0.10 


Metals, polished 


Organic Materials 




(Paper, Rubber, Wood, etc.) 


0.8 - 0.95 


Paint I 


0.8 - 0.9 


Plaster, rough \ 


0.91 . ' 


• . \ ■ 





|rhe radiai^ energy emitted by the body travels with the 
'velocity of light. When it strikes another surface, it may' 
'be absorbed and warm that surface. Thus, a hand held near a 
hot body will feel warmth, even* in the absence oi convection. 

'. 
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For pipes and ducts carrying Jiot fluids, radiat^pn can pro; ^ 
duce a loss of heat energy. * — - 



EXAMPLE B: EMISSION OF RADIANT ENERGY, 



Given: 



Find: 
Solutidn: 



A pipe 10 feet -long, with & 6-inch outside 
diameter , has" a temperature of 200°F. !The pipe 
is, painted b.lack with a paint having an emis- 
sivity of 0.9. f ', , 

How much energy is^ radiated by the^pipe. 

The area of the pipe is n x | x 10 ft^. 

The absolute temperature is 460 + 200 |- 660 R. 
Using the formula for thermal Radiation gives: 



* 9 x 7T x \ x 10 x 0.9 x (66d) 



1.713,x 10 

= .4600 Btu/hr radiated by the p^pf . 



PRESSURE AND FLOW LOSS 



\ 



The pressure and flow in a circulating f luid jdis tribu- 

i J * 

tion system are' related according 'to the particular character- 
istics of the system*. This is shown schematically in Figure 
3, which relates the pressure drop in the system dnd' the flow 
through ^he/ system. The curve expressing the relation is 
called the system characteristic curVe. 

The -.shape of the system characteristic curve 1 for a spe.- 
cific systerfis determined by the length and diameter of the 
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Figure 3. -Schematic Diagram 
of a System Characteristic 
Curve. ^ 



piping, as well as* by the 
size and shape of valves ancU 
pipe fittings. These parame- 
ters determine the resistance 
of the system to flow. 

Losses in pressure or in 
flow' can: cause excess ienergy 
consumption in hot water or 
steam supply systems. If 
there are pressures losses, 
there will be extra load on 
the circulating pumps to pro- 
vide the needed flow. If there are flow losses, the system 
pressure must be^increased to make up the loss. However, 
this will also increase tiie load on the pumps. 

The relation bet-ween pressure and flow in the system is 
as follows: 

* 

Pressure = Flow x Resistance to Flow , 

In this relation, the resistance t<^flow is a characteristic 
of the system. This' relation is. analogous t£ the following 
electrical relation*?* - . 

Voltage Current x Electrical Resistance 

In this analogy, the pressure, corresponds to voltage, the 
flow corresponds to electrical current, and the resistance to 
flow corresponds to electrical resistance. 

There are' are a number of possible causes, fqr loss of 

^pressure or flow. 'Loss of pressure can be caused by the 

^ollpwingyf actors : 
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>• Leaks in components . ^ 

- • ^Malfunction of pumps or valves 

Leaks may be present in c<S||>onents such as pressure re- 
^J.ief valvds, control valves, pipe fittings and'joints, pumps 
air venting valves, and so on. - Leaks can often be detected - 
by visual inspection. Malfunction of components such as 
pumps or valves may be more difficult to detect. Measure- 
ment of /flow and pressure drop assists in the deteftion of 
such 'malfunctions . . ^ ' 

Flow loss may arise from the following causes: 
/ • Leaks in components y 
I • Loss of .pressure f * v 4 % ° * 

/ • Faulty flow cdntrol components. ' . 

• Faulty metering - 



1 



Clogged filters 



I A partial blockage of ^flow can sometimes fce located by 
the use of pressure measurements. For example, if a filter ' 
is partially clogged, there will a pressure drop across 
the filter.' If the dif f erence[J)i pressure upstream and down- 
stream from the filter increases above its normal va^ue, .this 

, condition wili indicate partial blockage of the filter. Sim- 
ple temperature measurements can often identify parts of the 
system in which flow is below normal. If the flow is reduced 
in certain parts of 'the system,, the. temp&rature will, also b& 
reduced. Thus, a measurement of the surface temperature of 

' the. pipes can help to diagnose partial or complete blockages 
of flow . * * * 
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ENERGY SURVEY - F9'It S TEAM ANjf k)T WATER SUPPLY SYSTEMS 

An audit of the condition -steam and hot water supply 
^systems-can be an- important 'fi£S<t'^step relative to energy pon 
servation v for these systems. An f audit inf oirmatian form and a 
suggested checklist for an energy survey .for steam and hot 
water supply systems are shown -'in Tables 3 and 4. The check- 
list can highlight some •oil the possibles ways to*save energy 
in"a specific system. 1 Later the student tjfill prepare an en- 

ergy survey for a steam or hot water supply system in a paT- 

• * * * 

"ticular building. * .* , *\ 

• •". , * ■• ' ■ • - 

* * , \ \ ■ 
9 ■ , - ,. 
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TABLE 3, 



AUDIT INFORMATION.- FOR A STEAM" AND HOT WATER 
SUPPLY SYSTEM. 



V 



Building Size (Square teet) 

Types of Occupancy (J* or Square Feet) 

OffJ.de ; 

Warehouse N - 

Manufacturing 

Retail t m 21 

Lobbies or M^ll t 



9 ft 



Other 



JSL 



Building Use and Occupancy 
- Fully occupied (50% or more of normal) 



Weekdays (hours) 
* Weekends (hours) 



to 
to 



to % * 



to 



Sundays 
Holidays 



Steam and Hot Water Usfe (Percent) 
Space Tie^ting ' . 1 



4 



Domestic uses . (handwashing, dishwashing, etc. 
-Industrial process heat , 



Capacity * ... * f * 

* Steam system (gallons per Minute) 0 , 
Hot water sysfcem '(gallons per, minute) 
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* . 'TABLE $!\ AUDIT* CHECKLIST FOR- A STEAM AND HOT WALTER 

•SUPPLY SYSTEM. , - ' * ■* , 

r, a te 
«s 



?4 . no * ; B - 

d Q 1# *' Are the exterior surfaces of boilers and storagd^ | : > 

** tanks insulated? 1 *\ 

_ > _ ' ° * 
'LJ * LI 2.\ Are the pipes for steam and hot water flow ±nau-> ^. 

lated? * - ~ ' - 

- Q' Q 3-1-7 — Arg iralvp hnrHpg. f-fffi ngs arid other pipe appur- 



tenances insulated? 

Q Q # 4.' Is the insulation thifck enough so that "the. outer 

surface does not ^exceed 90°F when the -system is 
* . operating at full load? . . H 



■D 

*> 




5. 


Helve stream trap§ passing steam along with con- 
densate been repaired or replaced? ^ " , 




□ 




Have. any leaks' in pipes, pipe joints, or- pressure 
reliif valves, been sealed?'- „ \ 


• □ 


□ 

* 


7. 


? . * t 

Has the water temperature been** reduced for uses 
which do not need the highest water temperature? , 


r 


\ 


8. 


Have spray type water faucets tj^t reduce water ^ 
usage been installed? 


□ ' 


□ 




Have pressure reducing values been installed- in , 
steam lines which do not need^the highest pressure? m 


o 


□ ,10/ 


Has- 'a separate small heater for summet ti$e beeri ^ 
installed\.if the space^ heating system is used for 
hot water or steam generation?* » * 


0- 


p. 


11. ; 


Are the circulating, pumps turned. off during peri-? 
ods when no hot water flow is ne'eded? 


□• 


□ 


12.-., ' 


Are restrictions to flow in the system removed so 
as to reduce pump load? m $ ~ 




□• 


13. 


Have the 'pumps and valves been checked for psbper 
functioning? % * - 






14. ; 


Has torn or- worn insulation been *rep}.ac'£d? - ^ 
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METHODS OF REDUCING ENERGY CONSUMPTION IN HOT WATER" AND 
• * . '" " STEAM SUPPLY SYSTEMS - • ' . » ' - 



Q 



••there " are various appr&aches^to the reduction of energy 
consumption in hot wat^r and steam supply systems. . The ap- 
proaches may be considered inthjpe general categories: 
• Reducing tjie consumption ok hot water or steam t 
' • Reducing losses in the .system • . % 



Increasing the efriciency of .the"* system 



REDUCING THE CONSUMPTION OF HOT WATER OR STEAM 



- The coftsumpt ioh of hot water and steam ma-y.fcre T§duc$d' 
by several methods: * m ** m 



V 



Reduction of use • ' v '* " . T 

Lowering the temperature ^ , . r 
Supply of hot water or^stean^at no" more*' than* the 
required temperature* for most .applications 



Use of domestic hot' -water (use,d for such things .«as*;*han<i- 
washing* and kitchen purposes) can b€* reduced by installing 
self -closing faucets on 'hot ( water taps and by in-stalling 
spray orifices to rediiee^the flow at -the tap* "In bujlljdings' 
where booking facilities/ are not in constant\use the hot 
water supply to' the kitchen could be turned off when the 
kitchen is not. in use. Old kitchen equipment (like dish-- * . 
washers) may use water* exe>ssiyely. Such equipment shoul4* be 
replaced with n^wer . equipment that uses le.ss water* 

When hot water or steam is used for industrial, process 
• heat, ' the amount of usage should* be examined' carefully. The 
heating supply /need may have been .established when energy was 

/ ■ - . - - 
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more plentiful a-nd may not reflect the real, need — which 

might be considerably lower. If the real need- for~hfeat in 

the process is determined, then only the necessary amount of 

• \ 
hot water or steam that will" carry oti ; t + \the process earn* be 

supplied* without wasting energy / i \ 

Reducing the usage of hot water- and steam amounts to 
large savings of energy — energy .that would! be used to heat 
*th v e water or steam. Futhermore, there are^the savings of 
s energy associated with pumping the water or steam though the 
system. Water pumps., in particular, use a great deal of en- 
ergy. Reducing the load on the -system will reduce 'energy con 
turned by" the pumps. . • 

w The Amount of energy consumed by the pumps as they cir- 
culate water is given by Equation 5: 



9.1 x 10' 



H x G x.W 



Equation 5 



where: . ■ 

E '= The energy used, in 10^ 6 Btu/yr. 

H = The head of the. water system, in ft.. * - 
G = The flow rate',* in gal/min,. >* ' ' 

W = The number of hours per year that the system is . . 
• used. / 

, Equation 5 assumes a pump efficiency of 70%V. 

' x For -a system with a 100-foot" head, which' is used contin- 

~~uously (8760 hr/yr) and is pumping 500 gal/min, the* pumps "• 
alone use 4 x 10 8 Btu/yr, 'according to tjie " Equation 5. If 
the f low%rere jeduced 'to ^00 'gal/min, the energy usage* would, 
be 3.2 x 10 3 Btu/yr, a savings of 8 x 10 7 Btu/yr. *' 
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* . Lowering water temperature may also reduce energy t con- 
sumption'! If the water temperature is higher than necessary ?< 
it will simply be diluted with cold water at the point of 
us|age. Thus, the heat needed to raise the water to the orig- 
inal higher temperature is wasted. \ An example is water used 
for handwashing. If the water is very hot, it will be diluted 
with cold water. If ii were delivered- to the faucet at the 
^proper temperature for handwashing, however, it would not re- 
quire dlj.mluu, and that ext r a — a mount e£- energy would-be 
saved., * • 

The -amount of energy that can be saved annually by lower- 
ing water temperature by an amount dT (in Fahrenheit degrees) 
is given by Equation 6: * • 



E = 8 x G x dT * Equation 6 



where: 

E - The annual energy savings, in Btus. 
Q s Thd annual usage of water, in gallons. 

If the occupants of a la-r'ge off icfe 'building use*To6,000 
gallons' of water per* year *for handwashing, reducing the water 
•temperature in that building fr^m 125°F to 10(V°F can save: 

8 x 100,000 x 25 = 20,000,000 Btu/yr. 

Of Qourse, water temperature cannot always be reduced. 
An example is dishwashing, where a high temperature is needed 
for 'Sterilization. Other examples include some industrial 
processes that need hi^h temperatures for successful opera- 
tion. * , 
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•However, even in situations where there is a critical 
need for high water or steam temperature, the possibilities . 
for energy conservation stfilj. exist* For- instance , when a 
central generator supplies hot water or steam for a number of 
uses that Tequire different temperatures , the temperature can* 
be reduced at the central generato^to a value that will- sat- 
isfy most of the requirements. Then, booster heaters can be . 
installed near the specific locations that need higher temper- 
atures . * 

Thus, the ' temperature of water or steam can be reduced * 
to the minimum value needed for most applications, while >^ 
those applications requiring higher temperatures can still ) 
receive them, " This method is more energy conserving, than \ 
wlTen hot water or steam is produced at the maximum tempera- J 
ture ^nd then cooled or diluted at locations that use a* lo^er 
temperature,. • - . 



REDUCING LOOSES IN THE SYSTEM 

V • ■ '* • 

Reduction of losses in the system is an effective method 
.of conserving energy. Since many steam and hot water distri- 
bution systems werfe installed at times when energy conserva- 
tion was not as'lmportant a consideration as it today, efforts 
'to reduce Josses • in these systems ere, becoming- more popular. 
Such efforts include -the 'foljov^dg : 

• Adding insulation \ V 

• Repairing leakj. \? - 
Reducing^ the tim^#ha^pumps are. on- 

Reducing* resistatade- tb flow ^ 



surface . 



insulation of baife hot surfaces can be one of\the most 
effective methods^fpr reducing heat loss. Bare,^«hot pipes 
lose heat by means , of conduction., convection^ and radiation. 
The addition of insulation will considerably reduce such 
losses,' and the savings usually pay for the cost of. the' insu- 
l'ati'on in. a shdrt period of time. k 

- Many types of insulation are available, including plas- 
tics , 'glass wool, apd plastic magnesia. Some insulation comes 
%n the fortn o,f tape which can *be wound around piping. Other 
types of insulation are plastered on wet and allowed to dry. 
^hatever type of insulatio^ is. chosen, it should be capable 
of withstanding the maxinrum 

Insu£a,tion should ~be 
applied- to all heated sur- 
faces, such as in boilers., 
storage tanks, and pipes. 
In places where the exist- 
ing insulation is torn-or 
daciaged, the insulation 
should be replaced. 

An estimate- of the 
amount o'f savings that 
can be obtained by the 
insulation of piping may «. 
be obtkined from data 
shown in Figure 4. this 
figure is applicable to ' 

1" piping. It shows 

♦ 

heat loss, versus temper- 
ature for a one-foot 
length of pipe under 
different conditions: ^ 




'Figure 47 



Heat Loss for 1" 
Pipe. 
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(1) uninsulated, (2) with one-inch thifck insulation, and (3) 
with two-inch thick insulation/ the addition of just one 
inch of insulation will substantially reduce heat loss. 



- x 



EXAMPLE C: ENERGY SAVINGS FROM INSULATION OF PIpIe, 



Given 



) 



Find : 
Solu-tion : 



A section of 1" pipe ' 100-f eet long supplies 
steam at_250°F for industrial processing. The 
system is' operated two shifts (16 hours) per 
day for 250 days per year. 

ITi V "ann^uaJT energy savings of. adding one-inch 

_____ v IS 

thick insulation to "The pipe. — ■ — - 

The' insulation w^ould reduce the heat loss per 
foot from 170 Btu/hr' to 28 Btu/hr, a savings 
of 142 Btu/hr/ft. For the lOO^foot length, ' 
this -amounts to 14,20*0 Btu/hr. For a^year, 
% the savings would be: X 

14,200 x~16, x 250 - 5.68 x ^0 7 Btu ■ , 

"At ,an energy cost of$4/l'0 6 Btu, this amounts 
•to $^227.20* savin-gs/yr. * ♦ 
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Repair of leaks is a good method of saving energy. There 
can be leaks at'pipe joints and fittings^and leaks from valves 
such as air vents and 'pressure relief valves . l£ak in the 
system wastes energy by releasing hot water and steam and, 
thus, losing the energy that heated the water or steam. A 
leak also increases -the ioad on the pumps and increases the ; 
. ' ' ■ / . . 

f* * 
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energy required to operate the pumps! Most leaks 'can be 
detected. by visual, inspection of the distribution system; 



therefore inspections should oe conducted periodically. • _ 
Another metHod that* helps to reduce the needless ^se af 
energy is to reduce the amount of time that the puntps are * 
operated. If pumps operate continuously to circulate water 
or steam - even when the building is not occupied, ^ energy 
is wasted. < 

Consider a factory that has pumps tha t cir culate 300 
gallons of hot water* per minute, ~^ith a head of 70 feet. The 
factory is occupied . 16 hours per day, 365 days per year. If 
the pumps were turned"*off .for the 8 hours per day that the f - 
factory is not occupied, it would save the following amount 
(using Equation 5) : 



9.1 x'lO" 7 x' 70 x 300 x 8 x 36^ =-55.8 x 10 6 Btu/yr. 

1 Another cause of energy loss can be attributed to exces- 
sive resistance to flow. This resistance increase? the load 
on the pumps and pleads to excessive energy usage, by the pumpsv 
'Flow should be/Kept unobstructed, keeping resistance l-ow : . 
Possible catises of excessive resi^ance to flow are clogged 
filters and faulty 'or sticking valves. The system \sh6uld be / 
checked periodically t.o ensure that faulty components' that 
produce excessive resistance to the flow of water or steam' - 
are replaced 1 . ■ 

Deposits of scale in pipes,' heat exchangers, and ather* • 
locations can also increase resi-s-tans^-to flow by narrowing 
the size of the flow channel. A periodic check for btfi'ldup 

of scale and' a chemical cleaning lif it is necessary) -should'- be 
standard procedure for reducing resistance .to flow.' 
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INCREASING THE EFFICIENCY OF THE SYSTEM 



• -There are -additional measures that can be undertaken to 
reduce energy usage in a steam or^ hot water system. These 
measures involve increasing the efficiency of the system^ 
using, the following methods: . / 

• Replacin-^^he, central system with separate units 

• Using aiseparafe boiler in ^summer 

Somet_ime_s_t_he need_s for hot water or steam in a building 
are concentrated at a few locations ^n the building.. In this 
case, it may be more efficient to have several small hot water 
or steam generators located close to the places where the 
water or'steam i"s actually used. TJiis may be preferable 
since the use of a single large boiler with long runs of pip- 
ing to deliver v the hot^^t e.r^or steam involves considerable 
energy losses through conduction, convection, and radiation.- 

The first steps should involve an analysis of the amount 
of usage of hot wa,ter and steam and a determination of where 
the demand is located. The e^j|rgy losses of the current sys- 
tem, including losses in the piping, should then be estimated- 
. and compared to the savings that 'would be obtained by instat- 
ing separate smaller -units near the points oE usage. Then, 
the potential savings can be compared. to the cost of install- 
ing the separate units in order to determin^if it would be 
economical to install them-. " 

In buildings havirig a .heating system that also supplies 
heat for the hot wate? or steam, there is an additionajl method 
of increasing" efficiency. . I^winter, the boiler may operate 
at high efficiency, providing-.both .space heat hot water 
or steam. 'But in the summer, the boiler may be oversized-, • 
and thereby-; operate ,at low efficiency when- if is supplying 




only hot water or steam* In such cases, a separate, smaller^ 

boiler for summer "usage coyld be the answer to" improving effi- 

ciency. Again, *an estimate of the potential savings can be 

* 

compared to the cost of the- new boiler in order to .determine 
.economic feasibility. , 



MEASUREMENT DEVICES 



There are three quant ities that can^be measured in. hot 
water and steam .distributions : the temperature pressure, i 
and flow,, .In practice, howler*, most installed hot water 
and »s team distribution' systems contain relatively few instru- 
mentation devices. 4 „ 

Hot water systems often have a temperature measuring '* 
device at the position where the water leaves the boiler. fn 
many;cases, this *is the only monitoring device contained in. 
the system o . Occasionally, systems contain pressure measuring, 
devices located upstream .and, downstream from filters* to moni- 
tor the clogging of these fitters, ' ^ , - 

There a°re several"* temperature measuring devices avail-' ; 
able, including thermocouples -and bimetallic strips. , For a 

t v - & 

review of . the principles o£ operation of these devices, refer 
to Module 10T3 in the physics course entitled Unified Techni - 
c'al Concepts III . Commonly, temperature is measure4 with a 
thermometer that, is in contact with the outside "of the>^ipe. 
Portions' of the system in which the flow is blocked^will have 
a* low temperature. *. * * , 

*• , Ln steajiT^ys'tems , there usually is a pressure gauge lo- 
cated at or near the boiler. This is necessary* as a safety 
precaution, as well as to -diagnose system operation. Often, 

,the temperature o& the steam is measured as it leaves the 
boiler. ^ > . - * 
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The efficiency of the distribution system can be defined 
as "th$ heat that reaches the poir^fc of t use, ^divided by „the 
heat delivered to the fluid at the boiler. " For hot water 
systems, the heaths proportional to the increase in temper- 
• ature a&ove the. ambient temperature. Thus, efficiency may be 
defined ,as follows: 



T - T. 

J* ^ 1 Equ^t/on. 7 



T = The temperature t>f the water at the point of use. 
w Tg a The temperature of the* water as it leaves the 



boiler-. 



T Q = The ambient temperature 1 

Thus, oxxe may. measure the efficiency of a hot water distribu- 
tion system. simply by measurements of temperature. 
"V ;> ' Measurement o£ the efficiency of a steam distribution 
system is more complicated since part of the energy carried 

by the steam invjolves the heat of vaporization of the steam. 
■» . j) 

.J£ the steam at the point of use is wet, or^is partly recon- 

d^nsed, then .part of- that heat of vaporization has-been lost* 
.T^hus, a jieasurement of efficiency in 4 a stShm distribution sys- 

t/enl becdmes mo^e^complicated in that it requires a measure- 
..•ment of the wetness of Uve steam to determine what fraction 
Aas recoridensed. 1 
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\. A steel bar that is two feet long has a square cross 
section six inches on a side. One end 'of the bar is 
in contact with ix:e l watei* g *at 32°F. The other end . of 
the bar is in .contact with boiling, water at 212°F. How 
% touch heat fifcows- down the rod per hour? (Hint: .Use 
Table 1.) ' • • ■ ' " ' * , 

2. A thin flat plate -area that is one square foot has an 
enfissivity of 0/25 and a temperature of 500°F. How 
much heat i£ r,a<yiated from the plate in Btus per hour? 
Remember that the plate has two sides. 

3. A oife-inch diameter pipe 50 feet long carries watff.' aV % . 
ZOO^F. The pipe is * uninsulated . * How man^Ktus, pep hcFuc 
are lost .from the pipe? * - v • . 

4T Define the terms "conducticm , " J'convectioji," and "radia- 
tion. ,f * . - * I g • 

• .' • i , • 

' ' . ■ ' LABORATORY MATERIAL'S 

Surface, 'temperature thermoWtet^(Model HH-2 digital thermo- 
couple meter from -Omega Engineering, Inc;, or sr similar'" 
t&ermometer) ' fw ' 

Insulation for covering pipe (should«be at least one inch 




X 

\ 



It- 



o t 
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LABORATORY PROCEDURES 



1 ' In these procedures ,♦ the student will prepate' an energy • 
survey "for a ho^t^water or steam distribution system in a par- 
ticular building. The student will also make temperature mea- 
surements related to, the, effectiveness of insulation on piping 
(in the distribution and on th4' temperature) . 
) v The student must have access' tq the hot water or steam 

% distribution system" in a particular "building. vA building, 
with 3. ' large central system (s^hopl, office, factory, and so 
^orth) is preferable. The authorities of the school where 
this course- is presented. may be cooperative in providing 

access to the hot water or steam distribution system. If no 

* . 
* < other building'is available, the -domestic hot Hater system in 

a private home could be used, but 'this not the preferred 

* * j 

approach. * ^ 

\\ 

Ca^ry. out an energy survey of the steam or hot water 
V ^ distribution system. Use the form and checklist in the 

*D%ta Tabl r e section. Do not be concerned if it is diffi-, 
* cult to"- locate all the' information. Building maintenance 

. personnel may be helpful in locating somfe of the items. 
\ 2. Measure\the effect of insulation for reducing t'he temper- 
ature of the piping surface. With the system in operd-* * ' 
tion, measure t A he temperature of the surface of -a pipe 
In tfoe^ system/ # Then wrap the surface of the pipe with 
' " insulation to a thickness at least one inch. Wait long 
r - * enough for'the temperature to come to , equilibrium. Then 

# re-measure the surface temperature at thev surface of the 
. : insulation. What does the result impjy with respect to 

possible energy savings? \. 
3. Measure the lo?s in temperature- from a source of.hdt 
• * __,water to the jToint where it is \ised. 9 Use the surface 
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measuring thermometer to ^measure the temperature .Tg 
o£ the pipe -as it leaves the. boiler. Then measure the 
temperature T at the point where the hot vfeter is used. 
How much does the temperature decrease as the flui-d 
passes through the-distribution system? Calculate the 
efficiency o£* the distribution system. 

* ^ T* 'J* * 

Efficiency = ~ ~— 

T B " T o\ 

In the above, T is the ambient temperature. If it is 
feasible, wrap insulation around the sections *of piping 
leading from the boiler to the point of use. Wait long 
enough for the system to come to equilibrium. Then re- 
measure the efficiency. 

At a point where there is a valve in the system, with 
the valve open, measure the 'temperature upstream and 
downstream from the valve. Close the valve and wait 
long enough for the system to come to equilibrium.-- Then 
re-measur,e the temperature upstr.eam and downsteam from 
the valve. What do the", results imply with' respect to • 
locating blockages of flow? 

(Optional). Some hot water and steam distribution sys- 
tems may have pressure or flow meters incorporated as 
part of' the system. Use this existing instrumentation, 
to measure pressure and flow in the system, as appropri- 
ate to the specific systems. * 
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DATA TABLES 



DATA TABLE 1 



ENERGY SURVEY F0R*5TEAM AND 
WATER SUPPLY" SYSTEM. 



HOT. 



Building^Size^Square-teBTT 
-rv 



V 



TypeV *of ' Occupa'ncy (% or Square Feet) 

Offiqe ■ • _J , 

Warehouse 

Manufacturing 

Retail . ; 

Lobbies or Mall 

Other 



Building Use and Occupancy 

Fully occupied (50% or more of normal) 

Weekdays (hours) to 

Weekends (hours). 'to. 



' to 

l% . - to 



Sundays 
Holidays 



Strata and Hot Water Use (Percent) 

Space heating f ■ 

ipomestic uses (handwashing, dishwashing, etc. 



Industrial process 



\eat 



Capacity 

Speam system (gallons ^er minute) 
Hot water systetb (gallons 'per minute) 



/ 
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JATA* TABLE 2. STEAM AND HOT WATER SUPPLY SYSTEM CHECKLIST. 



Yes No ' 

□ □ 1. Are che exterior surfaces of boilers and storage 
* tanks insulated? 

Q Q 2. Are the pipes for steam and hot water fldw insu- 
lt # lated? 

Q □ *3- Are valve bodies, fittings and other pipe appur- 
tenances insulated? 

Q Q 4. Is the insulation thick enQugh so that the outer 
surface does not exceed 90°F wh^n 'the system is 
- operating at full load? 

Q Q 5.* Have steam traps passing steam along with con- 
densate been repaired or replaced? 

£] Q 6; Have any leaks in pipes, pipe joints, ot pressure 

. relief valves been sealed? • £ 

W f 

[T] Q * 7. Has the water temperature been reduced for u£es ' 
which do not need the highest: water * temperature? 

Q D 8. Have spray type water faucets that reduce water * 

usage been installed? ^ ^ 

CD* D 9. Have pressure reducing valves been: instkl^ed in 

steam lines- which do not need! the highest pressure? 

O d lOT^Etas a separate small heater for summer use been < 
^ installed if the space heating system is u£ed for 

hot water or steam generation? 

Are th$ circulating pumps turn'ed off during peri- 
ods when no hot water flow is nee'ded?, . ' 

Are restrictions to flow i'n the system removed so ■ 
as to reduce pump loa^d? * ' 

/Have tlie'pumps and valves beet^'checka.d. for proper, 
functioning? \ > 

Has torn or worn insulation been replaced? 
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TEST 



1. A steam pipe is at a temperature of 340:3 F. If the 

* temperature is reduced to 213°F, the amount of energy 
rac^iated by the pipe will be reduced to 'about . .. 
a* • three-fourths of its original valve. 

b. five-eighths of its original valve* 

c. one-half of its original valve. 

d. * tme-third of i-ts original valve^ 

2. An aluminttm-^ailoy bar is 2tT feet- long and has" a circular 
. cross section two inches in diameter. One* end is in a 

furnace at~800°F; the .other end is in contact with ice 
water at ^2°F. The heat flow down the length of the 
rod - in Btu/lir - is approximately . . . . 
a • , * 3 5 . 7 . 

b. 67.8. 

c. 107.2. 

d. 119.5. • • ' 

3. A one-inch diameter pipe 30 feet long carries steam at a 
temperature of 300°F. • About how many Btus per hour can 
be saved by adding two inches of insulation to this sec- 
tion of pipe? 

a. 6, ' 

. , b.\ 60 , . ■ • \ 

4 c. 600 ' 1 » 

d. 60.00 * ' • 

4. How ma,ny Btus per hour are radiated by one square inch 
of 'a surface covered with' lampblack (emissivity = 0.99) 
at a temperature of : 540. 3-°7r'? 

a-. "* ,11.3 

b. 44.8 

c. 0L13 * 

. • d. . "«8 ; . • 

". - ' '. .:' .' m . 
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S. Conduction is flow heat through a material because 

• of : ; ' 

6'. Convection is transfer of hear by * 



7. Radiation is transfer of heat in the form of 



Causes of pressure loss include, 
components and : ' 



in 



Causes of flow loss include' 
ponenfs , loss of - 



of pumps or ^lves. 

in corn- 



flow control -components, faulty' 
clogged . . 



and 



'Methods of reducing energy consumption in^hot^water and 
°steam systems include the following: 

a. > Reducing consumption by reduction of the * 

lowe^i^g , the 



, and supply of hot water 



or steam at ^10 more than the required, 
for most applications . v 

Reducing losses by adding ~ L 



_^ repairing 



are on ancL re.ducj.ng 



, reducing the time that 



to fl-ow. 



Increasing efficiency by. replacing the 



4- 



with 



using a separate 



in sifmmer. 



and 
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ENERGY TECHNOLOGY 

CONSERVATION AND USE ' 



ENERGY CONSERVATION 




MODULE EC-05 

CONSERVATION PRINCIPLES AND EFFICIENCY MEASUREMENTS 

• ILLUMJ NATION 



ERIC 




ORD 



CENTER fOR OCCUPATIONAL RESEARCH AND DEVELOPMENT" 



INTRODUCTION 



•This course 'describes many ways to conserve electrical 
power used for illumination . Economic benefits of each 
method are presented. The units of /measurement "for - illumina- 
tion-are defined, and the use pf lighting standards and the 
operation and-use jof the light meter are described. 



PREREQUISITES 



• The' student should have a-^asic understanding of algebra" 
and physics and, should have completed Modules EC-01 through 
EC-04 of ' Energy \Cohser vat ion . 

' \ \ • 



v - OB JECTIVES 
■ v ■-. — 

UpcTn completion of this module, the student should be 
able to : 

1. Define the terms M lumen ff and "footcandle." 

2. Calculate illumination levels expected in representative 
' situations of interior lighting. 

3. kame the types of lamps described in' the module and give 
their relative .ef ficiencies . 

4. * Describe methods for .saving energy in the* use of illumi- 

nation. 

5. ^Perform calculations on the energy use for lighting. 

Calculate * the projected savings from energy -Conservation 
practices . # 

6. Describe the operation of -the light meter. 

7. ' Use a light-meter to^measure illumination levels. 
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8." Conduct an energy stfrvey for illumination in a particu- 

* • 

lar. building'. c 



/ 
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SUBJECT MATTER 
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> 'CONSEQUENCES OF OVER I LLUMi NAT I ON 



In fc the pas£, illumination engineers often sp.ecj.fied 

very high leve-ls *of illumination ; however, most~adhere now 

■ to the practice' of reducing lighting levels. Of course 

there wi'll always J?e ' sonyg minimum lighting ' level needed for . 

* * 
accurate work performance, and. for safety,, but, lighting * v 

that is far in excess of this level is" wasteful of energy. 

Over illumination primarily wastes energy became some of, 
the electrical energy tha.t wa? used to praduce the light was 
unnecessary. A large fraction of the totfhL en'ergy, bill for a 
building is a result of providing illumination;, and -'it makes 
sense that a reduction of lighting levels will lead to consid'- 
erable savings of^electricity , , • * 

In addition, unnecessary he^t from the lights in a build- 
ing-may add to the cooling load, thereby wasting energy. Al- 
though it m^y be a^sumed-that lights contribute some heat to 
the" building during the. winter ; "much of it actually escapes * 
through the .ceillog-~since light fixtures . are .located high in 

jthe roonwnearr the ceiling >and* heat rises,.* Thus, instead T>,f 
usirig> .extra lights' to -add heat in the winter months, it would 
be mofe efficient: to reduce^ the lighting and ad'd more heat'by 
meabs -of the conventional heating -system. And, it is also . 
more efficient not. to use extra lighting during the cooling 

t season sinc^this , " too , increases the use of energy.^ 



) . 
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« LIGHT SOURCES ' , 

Light sources use4 for illuminating purposes emit radi- 
ant power, that is, power in the form of electromagnetic ra- 
diation. Some of the power represents visible light, which is 
useful illumination; but some of the power is -in the form of 
infrared ojr ultraviolet -radiation , which is not useful for 
illumination. V 

M,|>r&nch of measurement technology* called photometry con- 
siderSWhe measurement of light intensity as it relates tor 
t illumiilation. The units that express the levels o*f illumina- 
tion are called photometric , units . Photometric units are 
explained* a>s folloVs: 

In photometry, one* considers the measurement of light in 
the visible part of the spectrum only. Because the human eye 
does not respond equally to all wavelengths, the response of 
the eye plays an impoVtant role in photometry. A red light 
may emit the same power (in watts) as a green light, but the 
gteen light will appear brighter to the eye- tharf the re % d 
.light, a phenomenon Caused by the eye being more sensitive to 
^theHffreen light than to 'the red light. 

The 'relative sensitivity of the eye as a 1 function of 
^wavelength is called the luminolis efficiency. The luminous 
efficiency versus wavelengths* shown plotted in Figure 1 
reaches a peak value 'of one at 555 nanometers (nm) in- the 
green, and fall*s to low values at the red and violet ends of 
the visible spectrum. Outside the visible spectrum, the lumi- 
nous efficiency is £ero. 

Th§ light source emits radiation at a variety, of wave- 
lengths in, the visible, infrared, . and ultraviolet portions of 
the spectrum. The -total radiation power at all wavelengths 
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may be expressed in 1^rms 
\0f the familiar units o£ 
watts (W) ; but the pho- 
tometer power useful 'for 
illumination is> expressed 
in a. less familiar unit 
called the lumen (lm)/ 
Xhe lumen may be defined 
by its relation to radiant 
power for a particular 
wavelength, as shown by 
Equation 1 : y 




-I- — i i r 

400 500 600 700 
WAVELENGTH (NANOMETERS) 



Figure 1., Luminous Efficiency 
vs. Wavelength, 



E = K x Y x E D 
p o R 



Equation 1 



where r 



- E R - Radiant power, Jin W. < 

= A constant, equal to 680 lm/W-. * * 

\' ,Y * Luminous efficiency, from. Figure 1. 

Thus, at the' peak of the response of the eye at 5"5'5 nm, ,1 W 
of radiant power is equivalent to 680 lm of photometric power. 
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EXAMPLE A 




LUMINUOUS POWER OF AN 


ARGON ION LASER. 


Given: 


An 


argon 


ion laser 


operating 


at 


a wavelength of 




*514 


. 5 


nm- 


emit's 10 W. ' 






Find: 


The 


"luminous power. 








-^Solution : 


At 


514 


-.5 


nm, Y = 0. 


5,9. 








Thus* 


the 


luminous 


power E^ 


is ■ 


* * * 










680 x 0.59 


x 10 














4,012 lm. 







' EXAMPLE B : 


LUMINOUS POWER OF„ A 


Heody^ium 


LASER. > 


Given: • 


' A neo 


dymium laser operati 


ng at** 1.06 


ym emits 




1,000 


W. 






Find : 


Tha-1 


uminous power. . 




* 


Solution : 


At 1. 


06 ym, the luminous 


efficiency 


is zero . 1 




Thus , 


the luminous* power 

-x 1 


is 0 lm. N 





Examples A and B show that,^for a monochromatic (single- 
« • i 

'wavelength) light source, it is easy to convert from radiant 
power (expressed in* watts) to luminous power (expressed in ? 
lumens). The conversion is more difficult for other light 
sources that produce an output o'yer a -range of wavelengths.. 
- This type o£ conversion requires the methods of integral cal_- 
p cuius, which is beyond the scope of this module. Latere a 
tabulation will be presented for the conversion from watts to 
lumens - for some common light sources used for illumination. 
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Lighting levels are commonly expressed in terms of a 
parameter ^called illumin'anpe . Illuminance is defined as M the 
luminous power per uni : t area. ,f 

The unit that is often- used for illuminance is the foot- 
candle (fc). One footcandle is equal to an illuminance* of 
*t>ne lunfen per square foote % The lighting levels irKbuildings 
are-j}ften specified and measured in terms of footca-H^les, 

A variety of different light sources are commonly used 
for illumination in homes, of Flees schools , factories, park- 
ing Jots, and so on. '*This module specifically discusses the 
follotyin^types of light sources: 

• Incandescent lamps ' , 

• Fluorescent 'lamps 

• Mercury arc lamps 

• Sodium y;apor lamp^ ( • 



INCANDESCENT LAMPS ^ 

Incandescent lamps produce light through thermal vibra- 
tion of the molecules in a heated metal filaments. The fila- 
ment, which is usually formed from a coil of tungsten metal, 
is heated by 'the electrical current thait flows through it. 
It is contained in a glass bulb that is filled with an inert 
gas^ so the filament does not burn. 

Incandescent lamps emit a continuous spectrum of radia- 
tion. The . exact distribution 4 e P en(is on the ^ temperature of 
the filament, but much of the radiati&n falls in the infrared 
portion of the spectrum. Figure 2 sJaows a typical distribu- 
tion for a -household incandescent bjuLb. Only a relatively 
small part 'of the radiant energy falls in tBe visible spec- 
trum. '.The remainder falls in the 1 * infrared 'and^ ultraviolet 
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1 

0.1 • A 1 10 100 
WAVELENQTH (MICROMETERS) 

Figure 2.. Typical Distribution 
of Radiant Energy From a Fila* 
ment in a Household Incandes- 
cent Lamp. 



spectrum and is useless 
for purposes of illumina- 
tion; however, it does, add 
to the heat load. ■ . - 
* An incandescent lamp 
eventually darkens and 
gives less light as tfhe* 
tungsten evaporates and 
coats the inside of the, 
bulb. ^A'modern design uses 
iodine, vapor ^nside 'the 
bulb. The iodine combines 
chemically wi'th the tung- 
sten on~the bulb. The 
tungsten-iodine. compound 
■ ' r returns to the region of * 

the filament where it is decomposed by heat. The tuhgsten is 
then redeposited on the filament — which extends the "lifetime 
of the bulb and minimizes the darkening of the bulb. Lamps 
af this design are dalled tungsten-halide lamps. 

-.4 " : ■•. . 

FLUORESCENT LAMPS •. ; . .. • — ' 

Fluorescent lamps, which are usually glass tubes, may be 
either straight or curved. They are coated on the inside with 
a fluorescent, powder » Electrodes are x at each end of the* tube, 
and the tube is filled with a low pressure of an inert gas • 
wijth a small amount of mercury added. An electrical current • 
ffows through the "fasT^The mercury* vapor in the tube, excited, 
the electrical' current , produces ultraviolet radiation. 
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Th^ultraviolet radiation is absorbed by fluorescent powder. 
This converts the energy into visible light. The fluorescent 
powder called a phosphor^ consists of a mixture of chemicals 
that can. emit visible ligtt^after absorbing ultraviolet radi- 
ation. Sdnce many different type's of* phosphor are used, they 
produce fluorescent lamps with different characteristics. 
Figure 3 shows a spectrum from a fluorescent lamp that is 



100 ^ 



3 

O 
I 

'2 

3 

ui 
> 

P 
< 

Ui 

s 




400. 500 600 m 

v WAVELENGTH (NANOMETERS) 



700 



Figure 3. Spectrum of Light From a 
"Cool-White" Fluorescent Lamp.* 



called a "cool-white" lamp. The shape of the curve may be 
varied by the use of different chemicals in the phosphor. 
Other types of spectra from fluorescent lamps are referred to 
as "white," "warm-white," an4 "daylight." The distribution 
of colors are different in the different types of fluorescent 
lamps. They are also used for different purposes. For 
< % . 
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example, "warm-white" fluorescent Jights are widely used for 
home lighting because they make human complexions look favor- 
able. "Cool-white" ^lamps , which are somewhat deficient in 
red light, are used ii* conditions where color rendition is 
not too important. "White" fluorescent lamps ar,e used for 
general lighting in officios, schools, food stores, and so 
forth. "Daylight" fluorescent lamps are also used for gen- 
eral lighting,. The spectrum of the fluorescent light, as 
illustrated by Figure 3, contains most of its emission in;tbe 
visible spectrum. Thus, the fluorescent lamp is more effi- 
cient in producing luminous power than the incandescent lamp. 

Electrical circuits for fluorescent lamps ,/must provide 
high voltages to start the lamps. , The circuits contain a 
ballast, which provides the starting voltage and which also 
limits the -current* through the lamp. . 



MERCURYs A£C LAMPS ' 

/ 1 
A third type of light source is. the. mercury* arc \amp , 

which contains merpury vapor at high pressure. An electrical 
* current flows throiTgh this .gas. The high pressure gas, which 
can support a large- current pgr unit area, . produces a small, 
highly intense light source. ^ 
, » The spectral output o£ the mercur^y^arc lamp is concen- 

trated near several distinct wavelengths, in the ultraviolet 

* spectrum and in thf blue and *green portions- of the visible 
sp.ectruih. Thus, ''the light from mercury arc lamps has a dis- 
tinct blue-green appearance. Mercury arc lamps usually are 
not used in homes or offices because their effect on colors 

1^ is sometimes undesirable. Red objecj^ appear black or brown, 
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for example. However, mercury arc lamps can be used in loca- 
tions where visual perception of qolors is less important, 
such as parking lots or highways. 

A variation of the mercury lamp is the metal -halide lampQ 
which contains small quantities of* an iodide of some other . 
metal in addition to the basic mercury. These lamps offer 
improved color and increased output compared to a lamp that 
uses mercury alone; ^ 



SODIUM VAPOR LAMPS 

The fourth type of light source to be discussed is the 
sodium vapor lamp/ Electrical current is passed through a 
tube that contains the vapor of the element sodium. Energy 
is absorbed by sodium atoms and is re-emitted as^Visible 
light. The spectra> emission shows separate lines at spe- 
cific wavelengths; with relatively little emission at other 
wavele.ngths . 

The spectral lines of the sodium vapor lamp are concen- 
trated in the yellow part of the visible spectrum*, giving fhe 
light a distinctly* yellowish appearance which some people 
find unpleasant. In addition, color rendition 1 is poor with 
this type of light. For these reasons, so.dium vapor lamps r 
are not used in homes or offices, but they ..are .used for light 
ing^of parking lots and roadways. 
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• ' EFFICIENCIES OF LAMPS 

« 

• The efficiencies of these lamps for producing luminous 
power vary according to lamp construction and operating con- 
ditions. Table 1 presents some typical values for the effi- 
ciencies of the lamp* for producing luminous power useful for 
illumination. These values vary, depending on the exact con- 
ditions; but they do allow a comparison of the relative effi- 
ciency of the lamps.. Incandescent lamps are the legist yeffi- 
cient of the lamps discussed; sodium vapor lamps ate the most 
efficient. Because of considerations of the color of The 
light, usually only incandescent lamps and fluorescent lamps 
are used for general lighting in homes, schools, offices, and 
so forth. Of these two lamps, however, the fluorescent lamp 
is considerably more .efficient in converting* electrical power 
into luminous power. * 



TABLE 1. TYPICAL EFFICIENCIES OF VARIOUS LAMPS. 



Lamp Type 


Output 
* (lm/W) 


Incandescent 


■ 20 


Fluorescent »■ 


'60 \ 


Mercury Arc 


43 


Mercury Arc * * 


70 • 


(Metal-halide type) 




Sodium Vapor ' * - 
i 


9$ 
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For applications where' color perception is not impor- 
tant, mercury arc lamps ox sodium vapor lamps sjiould be con- 
sidered'. The metal-halide- variety of mercui*y arc lamps 
offers better color rendition and l^igher efficiency than the 
conventional mercury arc lamp. Because they are more expen- 
sive than- ordinary mercury arc, lamps though, the choice de- 
pends on a tradeoff between the initial cpst r aji4 the operat- 
ing.cost. ' • ^ 

It is important to note that mercury lamps and sodium 
lamps require a few minutes before they reach maximum bright; 
ness, whereas incandescent lamps and fluorescent lamps turn 
on almost instantly. "This fact restricts the use of. mercury 
or sodiurti lamps in-some cases. ^ 

Lamps used for illumination arje mounted in fixtures. 
The design p£ m the fixture strongly influences the illumina- 4 
tioir that can be obtained. Reflectors af the top of t)ie fix- 
ture help direct the light^do-whw&rd . Diffusers made of trans 
J,upeJK .plastic at the ' bottom • of ■ the fixture can provide mor£ 
illumination and reduce glare*. fixtures designed for commer- 
cial ,and industrial use emphasize -features of low maintenance 
efficiency, and durability. # # ' - 

J The illuminance thfet- can be^expected in a room may be 
estimated from Equation 2.'* 



E_= N F K M/A • Equation 2 



where:* 

E = Illuminance^ in fc. 

N = Number, of light fixtures. 
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F = Luminous power emitted ^ff dm each' fixture, in 1m. 
K 3 Coefficient of utilization. 
, ♦ M = Maintenance* iteptdr / 9 <^ • 

j A = Area of the room, ih*ft?. 

The coef f iciejC^ of utilization depend^ on the f shape^ and- de- 
sign of the flight fixture, and the reflector. It also depends 

on the'sh^jpe o'f the room and on the' reflectance of the ceiling; 

f\ ^ ^* ^ a 

wattls,, and f^Loor. It is^beyond^ the scppe of this module, to 

- »** * * 3 ^ 

tabulate the values of th^ coefficient q£ utilization versus"^ 
all the variables on 'which they depend; however, these tabu-* 
lations, whiqh are used by illumination ^engineers , are a»vail-y 
able, in Jiandbooks v For the purposes of this module, it can 
be noted*. that values of the coefficxenf of utilization in- 
crease as tfre reflectances, pf the walls' and ceiling increase., 
And the£o. values' are higher 'for lamp ^fixtures which direct 
most of the light downward. For reasonable cases^, values of 
coef foxieijt of uti-lization^th tf at fall in the range of CUr4 to 
0 . 7 ,are typical* , . ' 

The factor M, called the maintenance factor, is- a number 
less than one. It accounts for the collection of* Aust and 
dirt on lamps, relfectors, and cl£ff users > as well as fos the' 
darkening of lamps as they age. *A clean fixture witfh new- ^ * 
lamps will have a maintenance- -factor approximately equal to 
one. * y . 
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EXAMPLE C: CALCULATION OF ILLUMINANCE . 



(#vei\: A 10 f x 12' room has two light fixtures, each 

t 

f containing-y.two 1(^0-W fluorescent lamps . The 

, lamps are new and the fixtures are clean. A 
tabulation i'n a handbook on illumination -gives 
0.69 as the coefficient of utilization for this 
particular combination ^of lamps* and room. 
£ind: Estimate the illuminance . 

Solution: Use'Ta'ble ^/tp , estimate the lamp-output. Each" 
f . . olamp produces 60 x '100 = 6,000 lm-. Each fix- 

ature produces 12,000 lm. The area of the room 
^S- 120 ft 2 . The maintenance factor is approx- 
mately one.. Thus,', the illuminance is - 

' 2' x 12^.800' x-0.69 x 1 . ' ' 
C " ! *-* 120 • 

V = 138 fc. . ' 



\ 




. - • ENERGY SURVEY TOR ILLUMINATION . • 

? * - . . \ I , . 

An' audit of energy .use Relative to illumination is an 
important first step for energy conservation relatejd to illu- 
mination in a specific building, -This survey is similar to r 
surveys conducted, in earlier .modules for heating, cooling, 
and hot water ^distribution . A suggested format for ^an energy 
survey relative to- illumination is provided in 1>he Data Tables 
section, ' which also contains a checklist of practices in 
lighting usage. The checklist Highlights some of the possible 
ways to save energy used for illumination^ Later,, the student 
will prepare an energy survey f or ^illuihinat ion in a building. 

* * * 
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ENERGY CONSERVATION METHODS FOR ILLUMINATION 

The following discussion describes methods, that^ can be 
used to reduce the u£e of energy for illumination. Some \ 
of these methods .include the 'following : 

• Reducing illumination levels 

• Improving lighting facilities^ 

• Changing lamp type 

• 'Changing lighting patterns \ 
' • Using waste heat from lighting < 



REDUCING ILLUMINATION LEVELS 

In the past, lighting standards, were often specified 
by the manufacturers of light bulbs. These specifications 
tend to be too generou^ today since energy is much more 
scafce and expensive... Most of these earlier standards are 
now being re-evaluated* N 

Table 2 presents- some suggested, levels of illuminance i 
\for various types of use. These levels are aot the official 
Standards *of any group since there Joes not appear to be 
any widely ^accepted standard for illuminance ^at the present^ 
time. Rather, the levels suggested in Table 2 are a compila- 
ti\onnjpf a number of unofficial recommendaticms . - Earlier 
standards which suggest higher levels of illuminance are 
still in use, but substantial eijergy savings would be possible 
if everyone wbuld establish- a. ^plicy of reducing their stan- 
dards of illumination. This cgj\ be easily accomplished by 
simply changing to lamps of a, lower wattage than those that 
are currently being used. Or, it may be accomplished by 
renting some of*the lamps in multi-lamp fixtures.. But, the 



:( 
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TABLE 2. SUGGESTED LEVELS OF ILLUMINANCE . 



Type ofHJ-s'e 
4 


Lighting Level 
(Footcandles.) 


Office Buildings 




Regular- of f ice wq.rk 

Detailed drawing, Resigning, etc 

Stairways, corridors - , 

Conferenfce rooms 

Wa'shrOoins, toilets'- 


70 
' 100 + 

20 . 
. 30 
20 


'Schools ' ' 




' Stairs, corridors . 

Classrooms r 


^^20 


Eactories 


*■ 


'Ordinary assembly and* inspect ion 50 
Very difficult inspection or very 

fine assembly^ 200+ 
Locker ropms, washrooms < 20 , 
Cafeterias 50 


Stores 

At , 


L » 


Circulation areas 

Ordinary merchandising areas 

Special showcases and displays 
> ■ 


30 

' 100- 
200 + 


Parking Lots and Roadways- 


2-5 



light levels should be "measured, and they should not 

be reduced below levels needed for safety and for proper ( 

work performance^ • 

. Selectivity Ms -an important factor in the reduction of 
of light levels/ *If lighting is fairly uniform in a building 
illumination can be reduced much more in the corridors than 
in the office or factory assembly area's, as Table 2 suggests. 

* • 
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furthermore, the •vaJjj^3^CL£--i4r-l urn inane e sho.uld be* deter- 
mined at the'* area wfi^fe^the^work is being, done. For example^ 
the light level in an p£f ice should be ^ specif ied at the'desk 
top. And, too, the determination should allow fox the fact 
that light levels become' low^r with- t ime .because of lamp 
darkening and dirt collection.- -For instance, if. 70 fqotcandles 
are desired, and it is expected that lamp darkening And dirt 
will reduce light levels by- 12.51 over a period of a few 
months, ^then the initial; level of new lamps and clean fix- 
^£ures should be set at 8'0 footcandles . 



EXAMPLE D: REDUCTION OF ILLUMINATION, 



irft 



Given: A large office building uses 1,000 fluor^fecent 
. lamps, each having a ^200-W rating. The illumi- 
nance" at the desk tops is^ 100^ f ootcandles , 
^Find: .The energy that "can be saved. if S(3o limps- are re- 
moyed, reducing thre illuminance to' 70 footcandles. 
Assume the' lamps are on for 3,000 hr/yr. 
Solution: The savings are as follows: 

300 lamps x 200 W/lamp x 3,000 hr 
, ' ' .= 18 x 10 7 Wh = 18 x 10 1 * kWh 

At 4<f/kWh, thi$*. amounts to an annual dollar savings 
oi4j,200. 
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IMPROVING LIGHTING FACILITIES 



u. 

O! 

uij 

o ! 



100 
> 80-J 



60 



iu t= 40 

si 



20 
0 



FLUORESCENT 



MERCURY 



^SOOIUM 



* There are, numerous ways in which improvements can be 
made to- facilities to increase lighting efficiencies. 

As previously mentioned, .the light output of lamps de- 
creases with time because o£; lamp' darkening apd also because 
of dirt that collects on lamps, reflectors, diffusers, and* 
so forth. Figure 4 shows the decrease in lamp* output versus 
time for three lamp types. For example, after about 10,000 
haurs of operation, the output of fluorescent lamps has de- 
creased to about 80% of the 'original value . A 1 , program ^of 
replacing lamps when their 
output has^dropped can save 
energy. The savings are 
offset by fchie cost of ^tiie 
new lamps, ; of course, but 
it usually is economical to 
^replace' lamps when their, 
output ha? dropped to about 
751** of the'' original yalue. 
y The decrease in light, 
output due to accumulation of 
dirt dnd dust on the lamps and fixtures in, varying environ- , 
meats is illustrated -in Figure 5. Ihe environments range 
from clean to very 'dirty. Even for a clean environment, 
light output decreases more than 15% over^ two-year period; 
but when lamps and fixtures are kept relatively clean, fewer 
laifips are needed to provide the same level of illuminance — 
which, of v course, leads to energy^savings . Therefore, a pro- 
gram'that includes lamp and fixture cleaning should be an in- 
tegral part of*any energy conservation effort. 



1 1 — I r ) 

0 5000 10000 15000 20000 
* HOURS OF OPERATION 



Figure 4 . Decrease of Lamp 
Output vs . Time . 
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The coefficient of illumination depends on the type of 
fixture- being used„ For' a given number of lamps, the illumi- 
nation depends on the amount of light transmitted into the 

space by the fixture. The • 
100->v shape of the reflector and • 

the transmittance of the dif- 




i r 

6 12 18 24 30 • 

TIME IN MONTHS 



Figure 5. Decrease of Light 
Output vs. Time in Various 
Environments. * 



fuser (used*%4^ reduce glare) 
can change the amount of 
useful light that reaches the 
work area. Thus, current 
fixtures that have a low co- 
, efficient of utilization 
should be replaced with more 
efficient fixtures, thereby. , 
allowing fewer lamps to pro- 
vi'de the same illumination. 

However, replacement of 
a > large number of lighting 
'fixtures can be ^xpensiveV- The potential .energy savings must 
be compared to ^th£ cost of fixture replacement in order to- 
determine if the replacement is economically justified. 

Another consideration of facility improvement includes 
installation of automatic switching. Automatic switching can 
ensure that lights are out at times when the building is not 
in use. A program of this type could provide -relatively high 
illumination dufing working hours, lower illumination in the 
early evening v/hen maintenance workers are doing their jobs, 

9 t 

and everf lower illumination at night. However, some illumina 
tion may still be needed for the' safety of night guards. 
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Still another method of facility improvement involves 
redecoration and repainting, brighter, more reflective', colors 
increas^-^the coefficient of utilization as a result of wall 
surfaces and ceilings becoming more reflective. This also 
permits the use of lower wattage lamps* or even the removal ■ 
of some lamps-, wrtKout ' reducing levels of illumination. 



CHANGING LAMP TYPE - - ^ 

The efficiency of a lighting sys ten/may be\mproved by 
changing to a more efficient type of lamp. See Table 1 ^r*~ 
an approximate summary of lamp efficiencies. In" some cases, 
a change from- incandescent lamps to fluorescent lamps can 
produce increased lamp efficiency. The jpvings from increased 
efficiency must be analyzed, however, -and compared to the^ 
cost of changing the lamps and adding different fixtures. 
But, because the efficiency of fluorescent lampsj^much 
greater than that of incandescent lamps, the cnange may often_ 
be economically justified. 

" The v replacement of fluorescent lamps with metal-halide 
lamps or sodium vapor lamps could yield even greater energy 
savings? . However, since there are.- 1 imitations in color ren- 
dition with such lamps , f the change may not^be appropriate. 
Metal-halide lamps and sodium lamps are normally best suited, 
to applications Such as the illumination of parking lots* 

• r ■ 
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EXAMPLE E: REPLACEMENT OF BULBS. 



Given : 



Find: 



Solution : 



A st-ore is now using 66 incandescent light bulbs j 
thaf have a 500-W rating. These bulbs have an 
efficiency of 20 lm/W. 

The. effect of replacing these bulbs wit-h 28 metal- 
hallde bulbs that 'have a 400-W rating and an effi- 
ciency of 58 lm/W. The lights are on 3,700 hr/yr. 
The current jiumber of lumens, is 66 x 500 x 20' 
^ £60,000 lm. This will be reduced to 649,600 lm 
by the replacement - a reduction of approximately 
1.6*. - % 

The .total energy usage now is - 

66 x 500 x 3,700 =122,100,000 Wh/yr 

= 122,100 kWh/yr 

This would be reduced to - 

28 x 40.0 x 3, 700'= 41 ,440 ,000 Wh/yr 
* * * = 41,440 kWh/yr v 

Jhis is a savings of more than 66% in energy us&. 

The savings in kilowatt hours per year is 80,660 

kWh.- At a cost for electrical energy of 4.2{/kWh, 

this amount s , to $3,388/yr. 



CHANGING LIGHTING PATTERNS 



A' simple method of saving energy for lighting is to .turn 
out the lights "when they are not 'in use % Yet, as simple as 
this may seem, ^people continue .to leave li^Jits on even when 
it is unnecessary. Control of lighting can take various forms, 
* but the goal remains the'same: Lights should be on only when 
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necessary and only in necessary places. Lighting patterns 

JSP . 
can be placed under, the control of a computerized building 

automation system. These can provide the following: 

• Easy adjustment of light levels to changing job require- 
ments. 

•""Variable lighting patterns in different parts of the 
building that have different schedules. 

• Automatic compensation for ttfe availability of natural 
illumination (sunlight). 

• Ability to include lighting control in programs for re- 
ducing peak electrital demand. 

• Ability to use task lighting - that is, higher illumina- 
tion for those specific tasks that need it and on the 
specific schedule for those tasks. 

Another changeable pattern allows for the imprQved use 
of natural light (sunlight). Skylights can be used to provide 
additional light to supplement or replace artifical light. 
Reflectors may be installed near windows to increase the 
amount of daylight entering the building-. If these methods 
are* used, they should be analyzed carefully to ensure that 
the additional energy entering the' building does not increase 
the load on the cooling system to^ a degree that is "uneconomi- 
cal . 

Finally, work stations may be moved and rearranged. b Those 
tasks that need the highest light level should be placed in 
•locations where the light level is high. And, they should 
be grouped^together so that they can all be well lighted. 
Then the light levels in other areas where tasks are being 
performed that do not require such high light levels may be 
♦reduced. " . . 
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EXAMPLE F: ALTERATION OF\LIGHTING PATTERNS, 



'Given: An office building uses y80 kW of fluorescent 

lighting. Lights are Le£t on from 7 a.m. until 
11 p.m. (when the janitors leave) for five days 
a week, 

Find: /How much could be saved by operating the lights 
from- 7 a.m. until 5 p.m. without reduction, and 



~ then reducing the lighting to 140 kYf from 5 p.m. 
until 11 p.m. for maintenance work ^>nly. 
Solutiori: Theosavin^s would be — 

, *" * . *140r kW x*30 hr/wk x 52 wk'/yr = 218,400 kWh/yr, 



USING WASTE HEAT FROM LIGHTING 

The heat from lright fixtures clan add to the cooling load 
in the summer. In wknter, light fixtures can add some desir- 
able heat, but mucj^of the heat is lost. For example, loss • 
through false ceilings can remove this heat from the occupied 
parts' of the building; 

However , f light fixtures are available which can return 
some of the warm air* to 'the room. Irt addition, there are 
ventilation systems which can- return the hot air above the 
,f3lse 'ceilings back into'the room. In the summer, the warmer 
air could be- vented to the outside. - s ' 

The cost for the installation of such a system is likely 
to be, expensive; therefore, it may not be economically jus-, 
tifled. The^best time to consider such changes might- be at 
a time* when major building modifications are being performed. 
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MEASUREMENT OF ILLUMINANCE 



-Measurement of illuminance is accomplished with a device 
called a'photometer, also commonly called a light meter. 

Earlier instruments used for the measurement of illumi- 
nance compared the brightness of a diffuse suYface. The 
brightness of the same surface was compared visually to the 
brightness oi: the same surface illuminated' by a calibrated 

light source. The measurement was cumbersome and tedious. 

* * 

Modern light meters use the photovoltaic effect. When 
light falls on a semiconductor material (such as selenium or 
silicon)-, it releases free electrons inside the semiconductor. 
Undei; certain conditions, the electrons will flow as elec- 
trical current in a circuit. A meter in the circuit registers 
the current flow. The current increases ,a,s \Light intensity 
increases; thus, measurement of the current provides a direct 
measurement of the light intensity. 

One of the device configurations that can produce current 
flow through the action of the photovoltaic effect is sketched 
in Figure 6. Light falling on the selenium layer produces, 
a current flow that can 
be measured by the meter. 
Materials other than 

, , r . METAL FILM 

selenium can be used (for 1 

t V yf M 

example, silicon) hotf- selenium ' ' 
ever, the device con- 
struction's somewhat 
different. A complete 

description of the photo- 
« 

voltaic effect is. pre- 
sented in ModuOLe 10E^ of 
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ELECTRON FLOW 



METAL PLATE 



METER- 



Unified .Technical Concepts 
III. - 



FigtSirJ 6. Schematic of Light Meter 
Based on Photovoltaic Effect. 
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A Such photovoltaic cells generate a current of approx-* 
mately six to seven microamperes per footcandle of visible 
light falling on them/ For circuits with low resistance, 
the current can be directly proportional to ,the light inten- 
sity. • 

The response of the device should be—similar to that of 
the human ey e. Thus, current output versus wavel£iig4L*Should 
have the shape of the curve s-hown in Figure^ 1. High quality 
meters have a corrected response that approximates ' the re- 
sponse >of the human eye* The meter can'then be calibrated 
directly in f oo tcandles . t 

Small, portable light meters based on the photoelectric 
effect are now available. These light meters, which have a, 
direct ^readout in footcandles, are very similar to exposure ' 
meters used in photog raphy, except that exposure meters have 
their, calibrations in terms of camera aperture stops. -The 
availability of portable photoelectric light meters makes it 
relatively 'Simple to monitor the illuminance levels inside 
buildings. . . 

/ 
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EXERCISES 



x a » ... 

1. Define lumen. Define £oot candle. * ' 

2. Suppose that a»15 ! x 16* ! room has two lamp fixtures, each 
containing .six 150-W incandescent light frulbs. The 

lamp fixtures and the room have a coefficient of utili- 
zation of 0.5 and' a maintenance, factor of 0.8. WKat is 
J the expected illuminance? , % 

3. . -°Name^th§ types of lamps described* in the module. Which * 

is most efficient? Which is least efficient;? » 

4. Describe the methods listed in the module for saving 
o energy in illumination. 

5. m An office building - uses 600 incandescent light bulbs, each 

having £ 100-W -rating . How many lumens do these lamp* 
produce? If electricity costs 4.3$ per kilowatt 6 hour , 
how much will it cost to Operate the lights for 2,500 
hours pei - year? If the lamps were replaced by fluores- 
cent lamps with 100-W ratings,. how many lamps .would be 
needed' to give~tHe same number of lumens? What, would be 
,the annual savings for 2,500 hours of operation? 

*6. * Describe the operation of a light meter. * 

I 

* LABORATORY PROCEDURES 

■ i i i r i i 

The student will prepare an energy survey for illumina- 
tion in a*particular building. The .student #mst have access 
to some building. A building such as an office, school, or • 
factory is preferred. The au'thc^it'ies of the school where 
thjs course" is offered m^y ke cooperative in providing build- • 
ing access. If no othjer building' is availably, a "private 
home could be used. 

* r 
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Perform an energy survey of the illumination in the - < 

\ - ' building' Use, the form and checkli^^^prdvided in* the Data 

Table -section. Do not be 'concerned if it is difficult to ' • 

' ..^ find all the information. Buildings maintenance personnel 

^ may be helpful ■ in locating some 1 of the items. ' 

Next, the sjtttttent . Vill measure illuminance levels in*, 

' the building, using a light meter. The light meter to 'be 
* . * 
used should be portable, but' it should be -of good quality. 

'Some of the least expensive models of light meters cannot " 4 _ 
be relied upon for measurements of high accuracy. .The meter 
should be xolor-corrected. so as to have a response -similar 
to that of 'the human eye. It should also be of^a type- called 
cosine low-corrected (br Lambert's low-corrected). These 
meters have special shapes on the. cover to avoid problems 
with reflection of light from the surface. . A suitable photo- 
meter with a digital readout is model 450, manufactured by 
EG § G, Inc., Salem, iM]issachusetts, 

Use the light meter to measure illuminance levels in 
a number of different areas in* the building. Include as many 
different areas as poss ible', "such a,s classrooms, assembly 
areas, inspection are^s^ library reading rooms and card file 
/ areas, stora'ge areas, boiler rooms, office areas, cafeterias, 
gymnasiums, lobbies, corridors, stairwells, locker rooms, 
( m r washroons, and so forth. Measure 'the light intensity at dif- * 
^ .ferent positions in the rooms: near the floor, at the desk 
top, near the ceiling, -and so on. If possible, turn off a 
' fraction of the lights. and repeat the measurements . . 

Compare the results of 'these measurements to the recom- ' 
mended lighting levels.; given in Table 2. Generals recommenda- 
tions for possible energy conservation in lighting in these 
areas, based on the results of the measurements just performed. 
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DATA TABLES 
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DATA TABLE 1.- ENERGY SURVEY FOR ILLUMINATION 
(TOTAL SQUARE FEET) . 



TYPE(S) OF OCCUPANCY: {% OR SQ, FJ.) 



Office 

Warehouse 

Manufacturing 
Retail 



_^(Other) 
_ (Other) 
(Other) 



Lobbies § Mall 
(Enclosed) 



BUILDING USE AND OCCUPANCY v 

Full* Occupied: (50% or more of normal) '. 

Weekdays (Hours) " to' I . 

Weekends (Hours) to ^ 

, t jA . to \ Sunday 

to __\ ^Holidays 

^Remarks : Describe belov* if occupancy differs for different floors, areas, 



buildings • 



LIGHTING SURVEY \ > 
1. Interior Lighting Type 
Other 



Total Install KW f 

On-Off from Breaker Panel? 

Wail Switche^? 

Operating Schedule 



Footcandles Offices 



Control Switching? 



Exterior (lighting Type 
Total KW , 



Sq, Ft. Served: 



Fooicandles : 



Remarks: \ 






/ ^ % — -, 





Operating Schedule: 
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DATA TABLE 2. 



CHECK LIST EOR LIGHTING. 



Yes No ' i • 

Q - D Are two-level lighting *and switching provided to 

permit reduction »in lighting -during use and no- 

ifte periods? ' - / 

Q ' Q Is daylight used f or H^ninatioh whenever passible? 
_q q Hav^Th^r^lrqr^^ been" reduced consistent 

with safety, and work needs? " ' 

Q Q Are lenses : and reflectors .clean? 

D „D Are the light fixtures and reflectors of ty^es that ■ 
are consistent with high efficiency? 

Q Q Have you considered a possible increase in righting 

effectiveness by proper ^sp'acing and arrangement 
, * of the fixtures? * m 

[""] Q Have you considered change-o£ lamp type improved' 
efficiency? 



.REFERENCES 



IE§ Lighting Handbook , -New York: illuminating Engineering 

-; .Sopi-fetx.:' . ' • . ' 

Manual^of Energy Saving in Existing Buildings anxUPlaiyts^ 

Baron, S.L., EcL Englewood Cliffs, NJ: Prentice-Hall, 
v In^rj, 1978. Chapter 7., 

Marks' Standard Handbook for Mechancial Engineers , 8th ed. - 
Baumeister, Theodore, Ed. New York": McGraw-Haill Book 
Co., 1978. pp 1-2-116 to 12-135. (This reference pre- , 
sents tabulations of the- coef fici-ent of ut ilizatipn, ) 
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' . , ■ TEST 

1. At a wavelength Of ' nanometers, the 

conversion of radiant power to luminous power may be ; 

4. expressed^ as, lumens per watt. At other^ 

wavMenths , • the luminous power is reduced by the* lumi- 1 

nous *ef ficiency of the s * A footcandle 

is equal to - ' 



A 30 1 x 15 1 room has four^clean light fixtures, . 

each cont£ining : four' new 100 -W incandescent lights. 

'The coefficient of utilization may be assumed t;o be 0.7l\ 

The expected illuminance ' in the room,. in footcandles, 
* 

is . • 

a. 'STKS ' * 

b. 60-6 ' ■ * 
c % ." 70-7 ~ 

d., 80.8. 

The types of light sources discussed in the text are the 

» * ' lamp, the / lamp, the 

2 lamp, and the \ 

' lamp. Of these, the least efficient for 



producing luminous power = is. the 'lamp, and 

the most efficient is the ^ ; 

lamp, t 

Energy for lighting may be reduced by 
levels, Itoproving-^ighting* 



reducing 

, changing 



2 type, changing lighting , x and 



* using waste ^ from lighting, 

A device for measuring levels of illuminance is calledt 

a \ \ : ' : Modern, "portable / devices 

> us«e^the. % \ r effect, * ' • \ 
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:A parking lot is lighted by 20 mercury. arc lamps " y wi£I3| 
ratiitg of 1,000 W each. These lamps operate at an Jeff 
ciency of 50 lm/W. How many sodium vap^r lamps, wl^ 
500-W ratings and efficiencies^ of 100 lm/W*, would be ^ 
needed to replace the' mercury arc lamps and give the 



same light level? 



a . 
b. 
c . 



5 f 

10 / 

20*. 



d. 40 . , 

If the lights in the ^example above ar.e on for 1 ,000 % - 
hr/yr, how many kilowatt hours per year would be saved 
by changing f rom ^mercury to sodium lamps? 



a . 
b. 
c , 
d. 



5 x 

»6 



10 1 



10' 
5 x 10 6 

None of* the above' 
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ENERGY TECHNOLOGY 

CONSERVATION AND USE 



ENERGY CONSERVATION 




MODULE EC-06 

CONSERVATION PRINCIPLES^ AND EFFICIENCY MEASUREMENTS 

ELECTRIC MOTORS 
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INTRODUCTION 



This module discusses methods of conserving electrical 
powjer ii\ the use of electric motors. It also describes gen- 
erajl methods -for managing the electrical power load in a 
buijlding irT~urder to conserve energy, ^j^j 



PREREQUISITES 



The student should have a basic understanding of algebra, 
physics, and trigonometry and should have completed 
Modules* EC -01" through EC-05 of Energy Conservation . % 

OBJECTIVES 



-HfKffl— eoinfr l e tion o f this -modu-Le-,— t he st uden-t should.Jig_A_ 



able to: 

1. [Define the term "power factor." Discuss the consequences 
| of low power factor. Discuss methods to improve power 
Jfactdr . 

2. jDefiiife the terms "actual power", "apparent power", 
■and "ireactive power." • i 

3. Perform calculations related to power factor, actual 
^ower, apparent power, 'and reactive power. 

4< Describe operational procedures that can be' used 

Ito increase the electrical efficiency of electric motors. 
5. Describe equipment improvements that can be made tyy 

jhe op-erator of an electric motor to increase its 

efficiency. \ • t 
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6. v Describe maintenance and inspection procedures thgCt 

can be used to increase the efficiency of electric 
motors. 

7. Describe methods for managing the electrical power 
load in a building in order to conserve energy. 

8. Perform an energy survey on the use .of electric 
motors and management of electrical power in a 
specific building. 

9. * Measure the power fdctor and the efficiency of an 

electjric motor. 
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SUBJECT MATTER 



AN INTRODUCTION TO CONSERVATION OF ELECTRICAL POWER 

Since use of 'electrical power i's a' major contributor to 
the "total energy qojisumption of a % buildi"ng, the cost of pro- 
viding this electrical power constitutes a majot. portion of 
the expense involved in operating a bui'lding. Thus, the re- 4 
duct ion of ^electrical power consumption contributes to both 
energy .conservation and cost reduction, 

A major portion of the discussion in this module concerns 
energy conservation practices that concern electric motors 
since electric motors are one of the .largest users of 
.electrical energy ^in most facilities. For this reason, they 
are an important concern in any program implemented to conserve 
electrical energy, Conservation practices Hescrib'ed in this 
module not only apply', to electric ' motors , they also apply to 
other types of elq£trical equipment. 

Electrical pdwer is^also consumed by electric lights and m 
by equipment suclvas the blowers and fans in heating, ventilat- 
ing, arid air conditioning systems, chillers in cooling systems, 
and pumps in hot; water or steam distribution, systems, However, 
energy conservatiqn practices relative to these - components were 
described in earlier modules and will not be included in this 

module, - * 

• In addition to electric motors > this module includes a 
discussion on electric load management. There-are many prac- • 
tices for reducing energy consumption *that include scheduling 
and iQad management. An important area to consider i^.the 
improvement of power tractor, which is described in the next 
section. 
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POWER CONSUMPTION V 



The concept of power factor in an a.c. electrical 
distribution system must be considered because the current, 
and voltage in the a.c. system are not always , inphase . 'Both 
voltage and current vary as sine waves. Figure 1 shows 
voltage- and current when they are inphase. In Figure 1, 
the peaks of the sine waves for the two quantities occur at' 
the. same time, and the positions where the si<ne waves pass 
through zertf occur at v the same time. The value of power 
at any time is the product of current and voltage at that 
time. Thus,' the power appe*ars as it is shown in the bottom 
part of "Figure 1. The power- never dips '-below zero to a 
negative value. , 
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CURRENT 



VOLTAGE 




Figure 1. Relation of Power Components in an A.C. System 
j " with Current and ^Voltage Inphase. 



jj However, in practical systems in large installations,, 
t^e current and voltage will almost never be exactly- in- 
phase. This* situation is shown in Figure 2, 'The peaks of 
the .sine wavei, as well as the zeroes, occur at different 
time* for the two quantities. The" difference is indicated 
by the angular difference <J>. (Remember that the to'tal 
angular 'cycles of a sine wave is 360°.), Again, the value of 
power at any time is the product of current and voltage at 
that time. The 'current and.Woltage are sometimes opposite 
in 'Sign; thus', the-^ power flow is sometimes negative, as 
indicated' in the lower part of Figure 2. 
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POWER 



CURRENT 



VOLTAGE 




Figure 2. Relation of Power Components in an A.C. System 
with Current and Voltage not Inphase. 



The negative component of power must be subtracted from the 
positive component in order to give the actual power used. 
The positive component can be regarded as power extracted 
from the distribution system, and the negative component can 
be regarded as power returned v from the load to the distri- 
bution system. 

The phase of the current usually will be behind the > - 
voltage 'inphase, as is indicated in Figure 2. (In ra^e 
cases, the phase of the current may be ahead of the voltage.) 
The inphase difference of the current and voltage is the 



result of adding current-consuming loads (such as electric 
motors) to thp/system. 
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At this point, several terra^ ^relevant to ^pwer consura 
tion should be defined: actual power apparent power, 
.reactive power, and power factor. 




( 



ACTUAL POWER 

Actual power is the power consumed by the' load* It is 

measure, of the energy consumption per unit time, measured 
• ■» 
by the watt-hour meter and expressed in kilowatt-hours. 

If the current and voltage are inphase (Figure 1) , the 

actual power essentially is given by the product o'f voltage 

and current. If the current and voltage are now inphase 

(Figure 2), then the actual power is the positive component 

minus the negative component of power. The actual power 

must be measured by the watt-hour meter* 



APPARENr^POWER- 



Apparent power is 'obtained by multiplying the current 
and voltage* Thus-., apparent power is measured in units of 
icilovolt-amperes^ (KVA). % In a single-phase system, apparent 



power is given py Equation 1: 



kva = Ei/iaao 



Equation 1 



r 



where 



KVA 
E 



Apparent ^>ower rating. 



1 



Volta|e, expressed in volts, 



I ■ Current, expressed in amperes-. 



240. 
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In a three-phase system, apparent power £ is given by 
Equation 2 : 



KVA = 1.73 EI/1000- 



Equatiph 2 



REACTIVE POWER 



In an alternating current 'system, the electrical- current 

c 

may be considered as being composed of two components, one 
inphase with the voltage, and one lagging behind it (or in 



rare cases, leading it) by '90' 
fed in Figure 3. 



POWER 
COMPONENT 




' Figure 3, Relation o£ 
Power Component and Reactive 
Component of Current 
in A.C. Circuit. 



This situation is illustra- 
te inphase current is ; 
.called the power componenl 
The out-of-phase component 
is, called the reactive com- 
onent (denoted. by I r ) . * 

The .angl? $ between the 

— .z — . . j> 

total current and the -power , 
component, is the same angle 
<J> that expresses the phase 
difference between the 
voltage^ and the current*/ 
The. reactive power is defined 



as M the product of the voltage E and the .reactive current I r < 
The reactive power in a singles-phase • system is\ given by 
Equation 3:^ ' ' ^ 



VAR » E-I 1 

where : 

VAR= Volt-amperes reactive. 
' Page 8/EC-06, . - 



Equation 3 
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E = Voltage. 

I =' Reactive component. 

r * 

In a three-phase system, the reactive powef is_£iven by 
Equation 4: 



1 VAR ■ 1.73 E«I_ * Equation 4 



The reactive power, VAR, Is expressed in terms 'of volt- 
amperes. The total energy consumption - is expressed in terms 
of VARH, volt-ampere reactive-hours (or KVARH, kilovolt- 
ampere reactive-hours). 4 * * 

• •. • \ 

■ POWER- FACTOR- , - , ' . 

-J 

Power factor, \often expressed as PF, is given by the 
ratio ^of appar^rft power to actual power (Equation S) : 



PF = Actual power/apparent ftoer Equation S 

•••>•■ 
■ ■ * 

Power factor may aliso be expxjps'sed as 'follows (Equation 6) 

r < 

' , Equation 6 



where: ' . « 

$ » Angle between the power Component of current and 

the total current 'in the vector diagram of Figure 3. 
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Its is also the angle by-wftich the current and 
voltage are out-of-phase (Figurp 2). , 
The' definition of power factor may be given by either 
Equation 5 or Equation 6; both definitions are equivalent. 



EXAMPLE A: CALCULATION OF POWER FACTOR AND ACIWAl POWER. 



J 



Given: In a building, the current lags the voltage-by 

30°, and the apparent power usage is 10,000 KVA. 
Find: The* power factor and the actual power. ^ 

Solution*: the phase angle $ is 30.°. According to Equation 
6 r the power factor is: 

PF = cos 3-0* = 0.866. . 

i 

I * According to Equation 5: 

i ■ . 

Actual pdwer = PF x apparent power ' ■ 

"-""lb, 000 x 0.866 
* = 8,660 kW. 




EFFECTS' OF- LOW POWER 

Low power factor is undesirable. '-The 'capacity of 
electric power lines, generators, transformers , and other 
components is ^a^ually limited 'by heating effects. The 
heating, in^turn, is caused by current flow. Thus,, there » 
is a maximum current floW _whichJc_aiLbe__p^mitt_eji_^th.out - 
overheating occuring. Because the power factor is equal to 
the power in kilowatts divided by the apparent power in KVA, 
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a low power factor means that the KVA must increase in 
order to maintain the sanfe power. This means tha.t more . 
current must flow, and there .will be more problems with 
heating, > 

Alternatively, if the current is kept within proper 
limits to 'avoid overheating, the KVA will be limited. Then 
the actual power will be kept below the rated circuit value 
if the power factor is low. , - x ^ 

The effect on the electric utility that generates the 
power is the following: the low power factor overloads 
generating and distribution networks with eoccess KVA. 
Thus, electric utility companies monitor the power factor 
of large users of electricity. They require that the power 
factor be kept above some value (perhaps in the range of 
0:H to 0.95). If the power factor is not maintained/above 
the required level, the utility imposes an extra monetary 
charge on the user. (Note: ,this applies only to large 
users.) The power^factos usually is not monitored for small 
-treers— stteh— as- homes—a nd s ma 1 1- omme-rx-ia-1- bu i Id i n g s , In 



summary, the effects of low poweiv factor on the user can be 

-the following: 

• 'Power overheating for a^ fixed actual power \ 
Operation of equipment below rated power. levels 
Extra Charges by the electric utility 



MEASUREMENT OF POWER ' 

There is no simple meter that measures power factor 
directly. The usual method is to measure two sides of the 
power triangle shown in Figure 4. 
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ACTUAL POWER 
K1LOWATT8 - 



The -triangle shows the 
relationship among actual ; 
power, 'apparent power, and 
reactive pojver , with the 
•phase angle <J> also indicated, 
(This isra right triangle; 
and if the measurements of 
two sides of a right tri- 
angle are given., trigonom^ 
etry may be used to derive 
the measurement of the third side.) Thus, measurements of two 
of the three quant it ies . in the power triangle will allow 
determination of the third quantity. • 




REACTIVE 
POWER 
KVAR 



Figure 4. Power Triangle. 



EXAMPLE 
AND 


B: CALCULATION 0£ ACTUAL POWER, POWER FACTOR, 
PHASE ANGLE <j> BETWEEN CURRENT AND VOLTAGE. 


Given : 


Irua building, reactive power is 3 KVAR and 




apparent power is 9.8 C KVA. \ 


Find: 


The actual power, the power factor, and the 




phase "angJLe <J> between current and voltage. 

r 




f 



r 




Page 12/EC-06 




Example B. Continued. 



Solution 



Accotding ptf tr if&tiometry , in a' right triangle 
with sides'^a, b, and c Owith, c the hypotenuse), 



+ b 2 - c 



In this case, a, b, -and c will 



be identified as^ actual power, reactive power, 
and apparent power, respectively. Thus, actual 
power is given by: ' 



Actual pt>wer ■ V(Aprarent power)* 2 * - (Reactive 

f p.ower) 2 



The power factor is: 
PF = actual power/apparent power 
S.33 

' - 0.952'. 

The phase' angle $ is: 
<j> = arc cos 0.952 
= 17.8°. 



V9.8 2 - 3 2 =» 9:33 kilowatts. 



These quantities are measured by. the following methods. 

1. Apparent power is determined by measurement of- the 

voltage and current separately, using a.c. voltmeters 
and .ammeters . After these measurements are made 
^apparent power is calculated .from Equation 1 for a 
single-phase system and from Equation 2 for a three- 
pKas.e- sys.tem. In ,a three-phase system, the current 
used *.in Equation 2 should be the average of 'the v, 
currents measured in each of 'three phases. 



) 
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Actual power is measured with a wattmeter \ The watt- 

j - - ) 

meter may take a number of forms-, but th^/most common 

form uses two coils of wire. One-coilL which is 

constructed of cours^ wire, is fixed anclx is connected 

in series with the electrical Load. The \second coil. 

constructed of fine wire, can rotate under the action 

of torque applied to it and is connected across the 

source of supply voltage. vThe current flawing in the 

fine wire -coil induces a torque that juaves the coil 

and, thus ,< deflects a needle attached to it.* Because 

of its. inertia, the coil does not follow the rapid 

.oscillations of the a.c. voltage. Rather, it assumes * 

a deflected position that depends on the average 

(actual) power. The motion of the coil is Opposed %y 

a spring that returns the meter to zerd^when the 

electricity is .off. • th^iescription of the wattmeter 

given above is applicable to a single-phase ^ysteitfL^? 

Polyphase wattmeters are also available. These contain 

two wattmeter mechanisms attached to a, common shaft. 

It is possible to measure the power in a three-phase* 

.system with a single instrument constructecTTn thih 

fashiop. « K | 

Reactive powe.r- generally is not- measured directly by 

individual users, so the instrumentation used will not 

be' discussed in detail. Instrumentation involving . 

phase-shifting transformers may be used by electric 

utility companies to measure the v reactive power for 

•large users. Such instrumentation may be referred to 

as a- KVAR 'mete'r . 
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CORRECTION Of LOW POWER FACTOR * 

Several methods. for correcting . low poweT. factor 
include the use of capacitor banks, switched capacitors/ 
and synchronous motors . (~ 

, m 

Capacitor* Baijks 



Because capacitor banks tend to cause the current to 
lead the voltage, they may be added to a power distribution 
system to help correct a low power factor that results * \ 
from a jLagging current. A capacitor t^nk of the proper 
size can increase power factor. A value of power factor 
above^Oi.95 usually is ^considered acceptable . - Capacitor 
banks may be installed bn eilher the. primary or secondary- 
side of the transformer serving a building. However, the 
% primary side usually is preferred. 



Switched Capacitors 



Switched capacitors may be desirable in, buildings with 



large* intermittent loads (such as large motors that do 
not operate continuous lyj . The capacitors are connected to 
the motors and are 'in use only when the motors are turned 
on. Switched capacitor.5 are needed (instead of fixed 
capacitors) when the capacitors &re so larg^/that they 
.cause an undesirable leading current if the' motors are 
turned off. " 
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Synchronous Motors 

j . J ' 

The use* of ^syrichronous motors in place of induction 
motors can also have a desirable effect on power factor. 
Since synchronous motors cause the current to lead the 
voltage (just as capacitors do 1 ), they have the same effect 
as capacitors far increasing power factor, ^placing 
induction motors with synchronous motors is beneficial in 
many instances. - 



ERERGY^ SURVEY FOR ELECTRIC MOTORS AND ELECTRIC POWER USAGE 

A survey (audit) of energy use for electric motors aaji 
other applications of (electric power is an important first" 
step for/tenergy conservation related to electrical power 
consumption in .a specific building. This survey is similar 
to the surveys .presented in earlier" modules .for heating, 
cooling* illumination, and ,$o for-th. A suggested format 
for an energy survey and a checklist of practices relative 
to. electric mo'tors and -electric power usage are given- in 

.Tables 1 and 2. The checklist highlights so.me of the ways 
that energy can be saved lnT~el^trTc a IT" power usage. Later, 

.the ,s.tudent will prepare, an energy survey for electrical 
power usage, in a specific building^. 
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TABLE 1. ' ifERGY .SURVEY - ELECTRIC MOTORS 
• AND ELECTRIC POWER USAGE, 



Building Survey 




> 


Total Square Feet 




Types of Usage (\ or square feet) 




Office 




Warehouse 

* — 




Manufacturing 




Retail 




Lobbies and Enclosed Mall 




Other 




Other 




Electric Power ( Input 




Total Rated Ppwer 


*Cw 




' Total Rated Current 


Amperes 


Equipment List 




r' 






Rated' 


Rated 






Equipment 




Output 


Input 


Operating 


Jtem J 


Description 


Number 


(Hp or Kw) 




Schedule 


1 
t 












5 












4 
























6 












3 






f 






9 












10 • 






















> 


12 












13 












14 
























16 










f 


>17 












13 












19 












-0. 
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TABLE 2. CHECKLIST - ELECTRIC MOTORS AND 
"ELECTRIC POWER USAGE. ' 



Yes - 


No 


□ 


□ 


□ > 


□ 






□ 


— - 


□ 


□ 


□ 


□ 


□ • 


□ 


□ 


□ 


□ • 


□ 


a 


□ 



Are manual or automatic controls installed 

'to disconnect loads when they are not required? 

Are manual or automatic controls installed to 
reduce peak-toad-s-? — 

:Has the power factor % been determined for the , 
building? 

Has low power factor been corrected with' 
capacitors or other *means? 

Have oversized motors been replaced? 

Have low voltage systems (120--V} been replaced 
with higher voltagfe systems wherever possible? 

.Have operations been scheduled in order to , • 
reduce peak load? 

Have motors been located in order to alliw 
efficient heat removal? 

Have worn and inefficient motors been, 
replaced? - 

Is there a regular program for maintenance 
of elec tri c motors and other electrical 
equipment? 



Page 18/EC-06 



251 



CONSERVATION IMPROVEMENTS - ELECTRIC MOTORS 

This section specifically ' deals with energy conservation 
methods and improvements in operation' procedures involving 
electric motors. There are ^three general approaches that 
may be undertaken to improve the electrical efficiency of 

s, electric motors. The first and second approaches will be 
dealt with ,in this module. 

The first approach involves improving the operation of. 
-Uve-- mator-s.- - .The second ap-prouch- involves equipment invp-rove- - 
ments made 0 by the operator of the electric motor in order 
to increase the efficiency of the motors. The third approach 

• involves efficiency improvements that can be made by the 
motor equipment manufacturer, such as design factors. How- 
ever, motor design is a well developed technology; therefore 
possible improvements in this area are beyond the scope of 

-^this* module. The operator of the motor sjaould consult the 
manufacturer's specifications to ensure that an efficient 
motor is being purchased. 

< ■ * 

IMPROVEMENT OF OPERATION 

Methods for improving operation procedures for - * 
electric motors include the following: 

• Regular inspection and maintenance 

• Control of peak demand by rescheduling 

• Selection of continuous production processes / 

These are all procedural piethods"; They involve no 

changes in equipment but they may involve changes in the • 
procedures for using existing equipment. All three methods 
can lead to, decreases in the cost of electrical* power . 
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Regular Inspection and Maintenance 



Regular inspection of the condition of electric motors 
and maintenance of the motors will ensure that the motors 
are operating at high efficiency. These procedures will 
also help .reduce breakdowns, repair costs, and downtime. 
The inspection and maintenance procedures # should involve 
many, parts of the motors 9i such as the brushes, bearings, 
rotors, and windings. 

" "Brashes" should be checked for proper fit and free move- 
ment. The brush-spring pressure should be checked. Brushes 

i 

that are worn or have chipped or damaged faces should be 
Replaced . * * , ~ 

Many types o'f bearings are used on motors ^ including 
ball bearings, roller bearings, and sleeve bearings* ' The 
housing f6r the bearings should be checked for leakage of 
oil or grease "and contact surfaces of bearings should be 
examined. Bearings^that show any sign of damage should be 
replaced. Periodically, old oil or grease in the bearings 
should- be purged and replaced with fresh oil or grease. 

> Rotors- should be checked for l*t)05e»or broken parts, as 
well as for any evidence of " overheating. The rotors should' 
also be examined for any marks that tmii,cate contact with 

- othe r- st rqcttrresT- — r — . — 

The motor windings should be examined for cracks <?r 
other damage in the insulation. The resistance of the 
•insulation can be 'measured wit<H a voltmeter, having a 
resistance at least 100 ohms per volt. 

- The surfaces and passages in the motor should be 
cleaned thoroughly if they show signs of accumulation of 
dust, dirt, or other- fareign matter. 



Page 20/EC-06 « • 



Control of Peak Demand By Rescheduling * * 

The 'power companies must be able to satisfy the' peak 
demand fo£ electrical power; thus, the increased demand 
for electrical power require? them to spend more" money for 
the generation of electricity .> For- one thing, they must ^ 
construct enough generating plants and equipment to satisfy 
this peak demand., Tfie cost of constructing a plant is high; 
yet when the demand for .electrical power is lower, the plant 
^^quipment m#y~ TiT~Tdte~.~ ^Thirs-,-~tlr~ ±s~ '-peak-ii-ema-nd-t-hart — — - - 
influences the electric power companies 1 construction costs. 

In order to apportion the cost of additional equipment 
and transmission' lines , power , companies mojutor^tlie ^electrical 
usage of commercial and industrial ^ customers . Then, they 
-include^tra demand charges in ,thej electric bill sent to 
ciIsTomers. l/hen c l d ctric con sumption (measured over a" short 
interval) exceeds a"" pre- established peak, a new and higher 
r deotand charge is applied to the electric bill. Sometimes^ 
the demand charge is high, amounting to as much as 301 of the 
electric bill f(Jr a large user. • I 

Thus, it makes sense to control peak demand and smooth 
out fluctuations that can le^d to", high peak values of 
electrical consumption. If electrical power consumption is _ 
sp~r~e^~lnore uniformly "throughout the day-,- it can reduce the - 
peak values. This .saves the customer money by reducing the 
demand charges. The efitire community is also affected since 
.this reduces the need to build nev plants and equipment for 
more 'generating capacity./ ' 

Companies that use several large electric motors should 
analyze their schedule of operation, avoiding periods when 
all ^he'motors operate at the -same time. The schedules for 
motor operation should be staggered in order to spread the 
consumption ^rate mare uniformly throughout the work day. 
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Selection of Continuous Production Processes 



There are differ ent^ways *in which" a production process 
may be established. It ma^ be continuous, with parts, moving 
sequentially and continuously from one operation to another* 
Or, it may be the batch-type of process with the first 
operation being perfoxmeji on an entire batch of parts, then - 
the next operation performed on the entire batch, and on do^i 
the line. 

Selection of a xi)n.tLinuo,u^p.rQ.c^^.aan^h.elp smooth out 

fluctuations in the use of electric mqtors and in the ^ 
consumption of electric power. This reduces peak demand and, 
the extra demand charges 1 from the electric utility. 

It may not always be- feasible to select a continuous 
production process, however^ If *some other process is 4 
already established, it may not be economical to dismantle 
it for this reason alone.. But, when a new process is imple- 
mented, this—£ac£ar— sJiouid be considered. 

Improvement of Equipmelrtr- ; 

The previous section of the module described procedural 
methods that save money and electrical energy in the use of 
-electric motors. f Tke*- / ift£th( ds discus'sed involved changes in 

g procedures but d:.d not involve changes in the 
equipment itself. The next section describes methods that 
can fie employed by. the operator/of an elective motor tt> 
increase its 'efficiency. The^6 methods usually involve 
some/ change or replacement of equipment; therefore, they may 
require some initial cost. Again, the most attractive time 
for /these changes to be mad*e may be at a time when changes 
are/ also being made for other reasons* These changes may 
include: ' . 4 ~ ~ 
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Changing oversized motors 
Installing higher voltage systems 
Replacing worn or inefficient motors 
Improving heat removal- 



Changing Oversized Motors 



Motors are often too large for the service they perform. 
This -reduces the efficiency of motor operation ani'also has 



a harmful effect on power factoid Figure 5 shows moto^ 



efficiency and the po we? Tact 6 &7 T fe r s u s 1 o a*d"foT^"^ypic^~^" 
induction motor. The load is ^p:ressed as a percentage of t 
the full-rated load ^f the motor. At high loadings (greater 
than 75%) electric motors can be quite .efficient , With 
'efficiencies in the range of 80% to 90%.*- But at low values 
of .loading, efficiency can drop to a very low value. Simi- 
larly, the power factor for a motor is very low at low 
loading values. 




2Q 40 $0 SO 100 
LOAD <% OF FULL LOAO) 

Figure 5/ Power Factor and Ef f iciency . Vs Load for 
Typical Induction Motor. 
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Thus, electric motors should always be, matched in size 
to the job they perf orm^f or two reasons: a$ oversized motor 
wastes electric energy because of low efficiency and it harms 
the power factor. Oversized motors should be changetTand ** 
replaced with ^properly* sized motors - preferably, motors that 
are loaded to 751 or more of their rated value. 

Similarly, motors .should not be undersized (too small 
jfor their load)* since this results in the us4 of excessive 
current and oveth^ating^ 

Ideally, the proper time for motor sizing is when new 
equipment is being oj-der^sk. The manufacturer's ratings for 
the motors should be compared to the demands of the service,, 
and' a motor that will be loaded between 75% and 100% of its 
full rating should be ehosen. 



Installing Hi g hay Voltage Systems 



Although the highest practiqal^ voltage that is available 
should be used, it is not always economically feasible to 
change existing' systems to convert, to higher voltage., * 
However, when new equipment is being installed or when major 
remodeling is being done, higher voltage systems should be 
chosen. This is particularly true if the total electric 
servicers relatively large (greater than 500 KVA) . For 
instance, 480-V or 240-V-systems should be chosen instead 
of 120-V systems. 
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Replacing Worn or Inefficient Motors 
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01d,*worn motors waste energy when* they operate a^low. 
efficiency. As~ suggested earlier, a program of regular 
inspection will identify those components that are ineffi- 
cient due to age, wear damage , and s$\forth. Motors that* , ^ 
prove to be inefficient should be replaced* 



ImpxoAT-ing Heat Removal . . ^ 



Motors should be installed so that they have adequate 
space and air circulation^rgim^in order to provide good 
removal of heat. If "motors are crowded or surrounded with 
other equipment heat removal may not be effective^ leading 
to overheating and loss of efficiency. 1 * 

Heat removal can be improved just by repositioning 
motors and other equipment so that air is e -allowed to 
circulate around each motor. 



' ELECTRICAL POWER MANAGEMENT 

Preceding sections have discussed methods to save both- 
electrical energy and money relative" to tHe use of electrize 
motors. The following paragraphs contain a more comprehensive 
discussion of the management of electrical power -consumption 
in a building. Methods for saving money and -energy in this 
area include: % I 

De- energizing equipment; 

• • Reducing peak loads ' 

* • Improving power, factor 
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DE-ENERGIZING EQUIPMENT 

Turning electrical equipment off when it is not in use 
is the most simple, obv.ious way to reduce the total electri* 
cal enetgy consumption in a building. The equipment can be • 
turned off with manual switches, but the most efficient 
method is to use an automatic turn-off apparatus, such as 
automatic timers. These timers turn equipment off when 'it 
is not needed, according to* a preset ^hedule. 

An even more efficient method to control the turn-off 
of electrical equipment is the use of a computer-bas£d> 
system for total building control, including heating, cooling, 
lighting, and electric motors. This offers the greatest 
flexibility:- , f - 

Many pieces of electrical equipment — such as elevators, 
transformers - , water coolers ,' business machines, electric 
cooking equipment, and electric heating equipment - are 
being energized 24 hours a day, 7 days a week*, even though 
th.ey may be in u$e only about 50 hours per week* This 
equipment can be de-energized to conserve electrical 
jconsumption . ^ 

Electric motors, in particular, can offer attractive 
savings. Large < motors account for a major portion of the 
electric load in many buildings.* First, 'the sche<£ule .of 
usage for electric motc>rs $hauld be analyzed to determine the 
• times they are actually neieded; then, they should be de- 
energize;! at times when they are not needed. 




REDUCING PE"AK LOADS 

The effect^of high peak loads has already been -describe^. 
High pea4c loads result in extra demand charges from electric 
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utility companies, and they fgiffi utilities to. seek new 

* ' 6 S ' J 

ways of adding generatin^capac/ty Thus, an effort to 

reduce peaks *in electric^l^^mand is important". The process 

of reducing peak loads is^called load* limiting , load 

leveling, or load shedding. * 

^Figure 6 shs^ a hypothetical pattern of demand in a 

typical office building during the course of one wo^rk day^ 



a 



UJ 

a 

—i 
< 
o 

QC 
I- 
O 
UJ 
_J 
UJ 




MIDNIGHT 



4AM 



8AM 



NOON 



4PM 



— i 1 

ftPM MIDNIGHT 



] 7 Figure 6. Hypothetical -Pattern -of 
W ' , Daily" Electrical .Detnand^ 

¥ The figure shows three high peaks (.indicated by .hatching)^ 
that represent Relatively, short periods of time during the 
day when electrical demand is greatest. A reduction of 
demand at thesq three times would be very cost effective. 
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Another example might be the.^air. cqndit ioning 
This, too, could be turned oTf bri^t^; Without 



- The process of load shedding to reduce peak demand 
involves turning off selected pieces of equipment when the 
load rises above a predetermined value. , Some pieces .of 
equipment can be turned off for short periods of time with- 
out greatly disrupting their function. An example might be 
electric water heaters. A short period' of off-time during' 
periods of high electrical demand can easily be tolerated by 
4 water- heaters . 
system. 

greatly . fc af f ec.tjLng. building temperature. As slti -example , the* 
air conditioner could be switched off when an .elevator 
motbr is running. v j- *■ 

Some load limiting can be accomplished with manual < 
switching, but this is probably not as effective* as automatic 
switching. If schedules for operating large pieces of equip- 
ment can be determined in advance, automatic shut-off, of 
other pieces of equipment Can be performed with automatic ^ 
timefs. - ; 

- Pro.bably the b^st-and most versatile m'etljod of load- 
leveling involves a central control -system with a computer. 
The -control syst^m^can continuously monitor the electrical 

* demand.. It can forecast, when demand'is rising toward a 
peak, and start switching lcfads bfefore a predetermined 
level is exceeded.. The loads may be turned of f. according 
to assigned priorities., A "railing" basis may be. used for 

•turning off .loads so that, the same load' does hot- always- 
get turned off first.' v ? 



IMPROVING POWER F At TOR 



The effects of low power factor have already been > 
described, including possible extra charges 6y theelectric y 
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power companies and a decrease in the useful capacity of the 
electrical distribution system. t For these reasons a complete* 
program. for management of the electrical power usage must 
include" correction of possible , low power factor. < 

The electric utility company , should be ^consulted to 
determine the value of the power factor arid the amount of 
extra charges, if any ; that are being assessed because 9f low 
power factor'. After this information is received, a decision 

t can be >made about the advantages of improving the power factor. 
Methods 'for improving power factor have already been described, 
these include installation of capacitor banks,. use of switched' 
capacitors, and use of synchronous motors in place of induc- 
tion motors . . . 

It may not b6 feasible to replace existing induction 
motors ; <yet , when new motors are to be purchased, the power 
factor should be considered a major factor in selecting the' , 
motors. A choice can also be made between capacitor banks 
located 'at" the main electrical service or switched capacitors 
associated with specific pieces of equipment. If low power 
factor is associated with a few specific pieces of equipment, 
switched capacitors associated with those pieces of equipment „ 
would be economical. 'If there are a number of different loads 
producing low power factor, and these loads are reasonably 
constant, then ^installation of capacitor banks for the entire 
electrical] service can be cost-effective. 



26 
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1. Define the term "power factor. u Describe the consequences 
of low power factor. Discuss^ methods to improve 'power ' 
factor . , . 

2. Define* the terms "actual pow^r," "apparent power," and 
/'reactive power." 

3. In affactory, three-phase electrical power is supplied 
at a voltage of 220 Volts. The' current load is 1600 
amperes. The phase of the current la-gs the voltage. 
What is the apparent power? What is k the power* factor? 
What *is the actual power? What is the reactive power? 

4. Describe operational ^procedures J:hat can be used to 
increase the electrical efficiency of electric, motors . 

5. ^escribe equipment improvements that can be made by the ^ 
operator of an electric motor to increase its efficiency. 

% 6. Describe maintenance and inspection procedures that *can 
be used to increase the efficiency of. electric motors. 
Describe methods for managing the electrical power load 
in a building in order to conserve energy. ' 4 



LABORATOBV PROCEDURES. 



The .student will prepare an energy survey for electrical 
power usage and electric motor usage* in a particular 
building. 9 The student must have access,, to^ some building. 

"A building that uses large amounts of electrical power! 

^such as a factory or large->of f ice building is p^ferred\ 
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It is also desirable to select* a facility in which a 
number of electric motors are in use. There may be 
several electric mo toVsr TTT^o f f ic e buildings - for 
example in .HVAC systems and in elevators. Perform 
an energy survey for the use of electric motors and 
management of electrical power. Use the form and 
checklist in Data Tables 1 and 2. *Do^ not be concerned 
if it is difficult to find all the information. Building 
maintenance personnel may be helpful in locating some 
of the items . ^ ' 

NexY, the student t will measure the power factor s and 
efficiency of a motor. In addition, the student will 
contact .the power company -to determine building power 
factor. " — 

a- Measurement of power factor of a giotpr . 

In order to measure the power factor, the equipment 
needed i,s an a.c. voltmeter, an a,c. ammeter, and 
a wattmeter. For a single-phase motor, one single- 
» phase wattmeter is needed. For a three-phase motor, 
a poly-phase wattmeter or two single-phase watt- 
meters will be needed. 

The apparent-power is* determined from measurements 
of the voltage and current. The voltmeter3is 
connected in parallel with the motor and the ammeter 
in series with it, as indicated in Figure 7, The 
* motor should be under load. Measure the voltage V 
(in volts) and the current I (in amperes). The 
apparent power is them givfen by — . 

•Apparent power (volt-amperes) = I x *v" — * 

% 

' * * 

for a single-phase system. ' For a three-phase, system, 
'measure the current' in each phase of 'the system. 
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Figure 7. Arrangement for iMeasurement 
of Apparent Power. 



This rt will give three values: Ii, I 2 , and I3, 

Determine the average current, I ave. 

I ave = (Ii + I 2 + I 3 )/3 
Then/^he apparent power is given by — 

Apparent power (volt -amperes) .= 1.73 I ave x V .« 

Then, connect the wattmeter, as indicated in Figure 
8. The top portion shows the connection for a 
single-pfras v e system. The bottom part of the figure 
shows the connection for two single-phase wattmeters 
in a three-phase 'system. * This bottom part also 
represents the connection for the individual elements 
in a poly-phase wattmeter. 

With the motor under the same load as for /the 
measurement of apparent power , 'measure the actual 
power given by the w£ttme*ter reading (in wattSj) . 
Then, determine the power factor from the following 
equation : - 
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SUPPLY 

. 4 

au Slnglt Phase 



bi Thrss Phase 

Figure 8. Wattmeter Connection. 

r ^ apparent power 
Power factor = ^ t ual power 

■ 'i ■ 

b . Measurement of efficiency of a motor . 

The efficiency of the motor is the ratio of the 
. dutput ptfwer of the motor to the input electrical 
power. Preferably, the output power is measured 
with a dynamometer, a device for measuring the 
power^develop'ed by a motor. In one fdrm, the 
dynamometer u^es conducting disks that rotate in e 
a magnetic field. Essentially, it is an electric 
generator that is driven'by the motor. - 
Connect the motor so that it drives the dynamometer, 
/and use the dynamometer reading to determine the 
output power of the motor (in watts)., 
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If a dynamometer is not available, the output power 
may be ^measured by using^the motor to lift a weight 
and measuring the rate at which the weight # is raised 
Set up a system of ropes and pulleys that wiinilow 
the motor .to raise a known weight W. It may take 
some experimentation to set up piklleys that will 
raise the weight and use a stop w^tch to determine 
the time t that it takes for the -weight to be raised 
a known distance D. For W (in pounds) , D (in feetX, 
and t° (in seconds), the output power of the motor is 
given by — 

Output. power (watts) = 1.656 x W D/t 

« . ■» 

Then, use the wattmeter (as described before) to 
measure the* input electrical power (in watts). 
This measurement Should be made under the same 
conditions of motor loading as the measurement 
of output power. Then the efficiency is given by — 

♦ * 

Efficiency = Output power/ input power 

l 

• . ; 

Building power factor. 

Contact the electrical utility company tVat' supplies 
electricity to the building for which the energy' 
survey was made. Find out what tfye, building power 
factor^ is and what extra charges, if any, are made 
for low power factor. Then/ using these findings 
as a basis, make a recommendation ^about whether-; 
the building pow&r factor 'should'be improved* 




PATA TABLES 



DATA TABLE 1. ENERGY SURVEY^- ELECTRIC MOTORS 
AND ELECTRIC POWlLuSAGE. 



Building Survey 


Total Square Feet 


-Types of Usage {% or square feet) 


Office , • 


Warehouse * 


Manufacturing * 


Retail 


Lobbies and Enclosed Mali 


Other % 




Other 


Electric Power Input 


• 


Total Rated Power 


Kw 


Total Rated Current 


Amperes 


Equipment List 










Rated 


Rated 




I tern 


Equipment 
• Description 


Number 


Outout 
(Htf'pr* Kw) 


Input 

(Kw) 


Operating 
Schedule 


1 
t 












3 












, 4 












5 












6 












3 ) 












9 












10 












11 












12 












15 






i 






14 




• • 








13 












16 












17 












18 












19 


4 










20 
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DATA TABLE 2. CHECKLIST - ELECTRIC MOTORS AND 
' * ELECTRIC POWER USAGE. 



Yes 


.No 


— - 


□ 


□ 


Are/ manual or > automatic controls installed 

to disconnect loads when they are not required? 


□ 




.Are manual or automatic controls installed "to 
reduce peak loads? ' . 


□ 


□ 


Has the power factor been determined for the 
-building? , 


□ 


' □ 


Has low power factor been corrected with 
capacitors or other means? • m 


□ 




Have oversized mators been replaced? 


□ 


□ 


Have low jvoltage systems (120-V) been replaced 
-with higher voltage systems wherever possible? 


□ 


□*. 


Have operations been scheduled in ordej to 
reduce peak _load? 


□ 




,Have motors been located in order to allow 
efficient heat removal? 


□ 


□ 


_ * 
HaiLe worn and inefficient motors been 
Replaced? ■ 


□ 


' □ 


Is. there a regular program for maintenance 
t>f eledtric motors and other electrical 
•equipmentZ- 



7 
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kwer factor is defied as the ratio of the 

power to the power. Jt. is also equal to 

the of the _ v _ angle^ between 

the a.c. voltage and v . i 



The power is -measured in kilowatts, the 

; power in KVAR, and the power 

in KVA^. . 

If the angle <J> discuss.ed in the text is 12°, what is 
the power factor? 

a. 0.978 

b. 0.^08 

c. 0.866 

d. 0.208 

Methods for improvement of operation procedures for 

electric motors include regular ' apd 

, control of 



by rescheduling, and selection of ^ ^ 

production processes. ^ 
Methods for improvement -of motor efficiency include 

"changing motors, installation of higher 

systems , replacement of 



or ~ motors, and improvement of 

removal. \ 

Methods for electrical power management in a building 

incite ' equipment, reducing. _ j£ „ 

V and improving 
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ENERGY TECHNOLOGY. 

* CONSERVATION AND USE" 



/ 



ENERGY CONSERVATION 




MODULE EC-07 
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INTRODUCTION 



This module introduces "energy conservation techniques 
relevant "to the design and construction of buildings. t 
It describes methods applicable to new ' buildings such as 
choice of site, size of furnace, type of construction, and 
type-of materials. It also describes .modification of 
existing buildings by adding insulation* weathers tripping , 
caulking, and storm windows. 

« 

PREREQUISITES 

- — ; — — ^ ' ; 

The* student should have a basic understanding of 
algebra and physics and should have completed the course 
Energy Production Systems and, Modules EC-01 through EC-06. 

- • ' . OBJECTIVES 



- Upon completion of this module the student should'be 
able to: r 



1. Define the terms "Jd" and "R" as they are related to ther- 
mal transmission. 

2. Perform calculations related to thermal transmission 
in buildings. 

3. List design considerations to reduce energy loss \ 
in new buildings. 

4. List methods for energy conservation in existing building 
by retrofit . - 

5. List techniques which may be used to determine energy 
loss from buildings. " , 
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Describe the following methods for energy conservation 
iji existing buildings: - ^ 

a. Methods for control of window loss. 

b. Methods for control^bf heat* loss througfi walls 
and ceilings'. * 

c. Methods for control-of infiltration. 



7. For various locations within the United States, determine 
values for R values for insulation, 

8. ' Conduct an energy survey for the construction .of a 

building. ^~ ' * - , 

9. Measure the R value for insulation, ' 



• 4 
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SUBJECT MATTER 



'energy conservation .in building construction 

• f. 

^» % This module introduces energy conservation techniques 

relevant to- the design and construction of buildings. ^Previ- 

O q qus modules in this coursfe have emphasized techniques and 

practices by which energy may*be saved in heating, cooling, 

and so 'forth. This module is somewhat different in* that it 

emphasizes materials, such as the effects of insulation, 

caulking, weatfrerstrjlpplng , stnd the addition ( of storm windows 

For example, th,e R values which are used to characterize 

insulation are? defined, and recommended values for R values 

ft . » 

are presentee^., • 

The greatest flexibility and choice of methods' is avail - 
able^at the time that a new building is being constructed. 
The full range of energy c -conserving features is available, 
including choice of 'site, building orientation, type 'of con- 
struction, .choice <}f 'materials*, and size, of the furnace. 
« , Some af -these ' options are not available for existing 
' buildiiigs.* Still, the potential for energy-saving -modifica- . 
tions is^very great. One may add insulation y storm windows',. 
weatl^rst>ripping , sheltered" entryways, and awnings- — as well 
as other\ energy-saving' devices. 7 

L£ter* in the -module , . the principles of heat exchange 
*" betWeei£'*a building and Tts surroundings will be described. 

0 The*^jiiBcific methods /for 5 improving efiergy loss will be dis-' 
- cussed/both for- new* buildings and for ekisfing buildings. \, 
in 'addition*, methods fof diagnosing any energy loss in buildV 
ings; w-ill^be presented. The*i*esult is a full evaluation of w 
~the o^ortunit ies^' for - energy c6nser.va.tion • in building v con-« 
struc,tion a'nd use, • *° , \ « r ' f "\ 



HEAT EXCHANGE BETWEEN A BUILDING AND ITS SURROUNDINGS 

The interchange of heat between a building and its « 
surroundings is governed" by the thermal txansmiss ion of the 
building's materials^ Thermal transmission coefficients,, 
express the rate of heat flow through a structural material. 
Thermal transmission coefficient^ are usually represented 
by' the* symbol U, and the" heat, transmission of a structural 
element is described by the U value for the element. The 
units for U are not often explicitly stated in discussions 
of insulation. The unit s^~will\usually, be Btu per square 

^foot per Wnir per degree Fahrenheit. Unless otherwise 
stated, U values may be assumed to be in these units. v In 

. winter, t$fe direction of heat flow is from thp inside/^f 
the building to the* outside. ? High heat loss adds to 
heating load. 'In the summer, heat f Low 'is 

side to. the "inside, adding to the pooling ]x5ad. MucH of the* 

summer "heat gain occurs 'through Irij^w^ Thus, the. 

> f « 

discussion of heat flow thro\ign pther structural * elements* 

• (walls and roof) "wifl emphasizeNheat Vo$s j.ir* the winter. 

The heat loss .from a buildingsis given by Equation 1: 



Q »(U A_,/+ U_„ £ A, ... + A 



,« • » e • »*i «*i -+ U.. . A., + 0-.018W)AT 

wall wall. roof roof floor floor window .window • 



where 



' "^wall' "roo'f ^floor' '"'window 
♦ * , • » 



> ^ Equation 1 



= U values, for the 'walls 
'.roof, 'floor, and windows, 
- .respectively. 



Vll' A r-oof' A floor' and A window. = Areas of. the -walls 
• f m ~ , h roof, floor, and frin- 

do'Ws, respectively, 

in ft 2 



W = Rate of infiltration of outside air into the build- 

,ing, in ft 3 '/h. ' - * 

AT - Temperature dif f ference— trfc£ween - t he- insdde and out- 

' side, in- °F. ' * r " 

' 1 ' - ' 

This equation then gives, the heat lass from the building, 

in units of Btu/hour. — • 

The term involving heat loss .through the floor is ^mpor-^ 

tant ma;irily for, construction that * has a *prawl» space*under the 

building or for buildings that are built up -on piers with an 

open space beneath. Fof buildings with full basements, this 

^erin is', .usually not important, therefore ^ the term involving 



loss' through the floor .will npt be discussed" in this mo.di^le^' 

. U valuer express the thermal /transmission through an en- 
tire, structural eTement, such a£ a wall. .They include all 
the component , elements of the wal-1. Thus^fo^ra frame wall 
consisting of wood siding, sheathing, insulation-, possible 
air spaces,' studs, and wallboard, the U l vfclue represents the 
heat' transmission ttirough the t structure consisting o£ all the 
components. * 

Table; 1 presents some U val<uds re^m^ntat ive » of typical 
types of 'construction for walls, ceilinfW^or roofs) y and win- 
dows. (They 'are specifically for 'frame construction and ma- 

sonry construction.-) These values must be .considered as 

• ** • 

approximate because they depend on the exact materials, thick- 
Besses, '-and so forth, Howeve.r, they repres'ent typical ranges 
that may be encountered. Values are presented for varying 
thicknesses' of insolation in the walls and cei^in^. From 
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Table l\ it- is obvious that the addition of # insulation has* a 
significant effect in* lowering heat -transmission-. ,* 



TABLE 1. THERMAL TRANSMISSION COEFFICIENTS - U' VALUES 

. (Btu/fJ^/h/'F) .. 

WALLS . • - " * ' C 



Insulation Thickness 
(Inches) 

0 

1 ' 

2 

3 



Frame Walls 'Masonry Walls 

(Walltfoard, Studs, Siding) (Cinder E^lo'ck*, Brick Facing) 



0.24 
0.13 
0.095 
0.072 



0.16 

a:ro6 
.o.oso ' 

"0,064 



CEILING/ROOF 

Insulation Thickness 
(Inches) 



Frame Construction 
(Plaster, Plyboard, Shingles) 

* 0.60 
. *0.12 
0.071 v ' ' 

0.050 
6.037 



Flat Masonry 
(Concrete SJsab, Built-Up 
Roofing) ' 

-* t).22 
0.092 
0.059 
0.04.3- 
0.034 „ 



WINDOWS 



Window Type.. 

Single Glass 
Thermopane , . 
Storm Window 
Triple Glass 



a 



U Value 

.,1*13 
. 0.6S 
0C56* 
0.36 



Equation 1 may be used to estimate the total keat lots 
from ^ particular building,; It may also be used to estimate, 
the* major source's of heat loss*, with a view toward ,re_du£ing 
these losses. 
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, Infiltration is caused from air leakage through cracks, 
around doors* and windows and from flow through walls, flodrs, 

9 

and so forth, 4 No building is completely airtight. The exact 
rate of infiltration depends on the type of construction and 
the condition *of the' building . And, because it also depends 
strongly on the wind velocity at any given time,' infiltration 
'is' difficult to characterise exactly-. Often, infiltration is 
expressed in terms of air* changes per unit time. Thus, if a 
building has two air changes per hour,, the infiltration r|^e 
will be enough to replace the air volume ■ completely twice^ each 
hour. ( 

* #nf titration represents a sourc-e of heat loss that may, 
t>e e reduc|d by Weathers tripping , caulking, and" other methods. 
A well-sealed building with good w4atherstripping may have an 
infiltration rate of approximately _>ne- h v a!f air change per 
hour. m | 

• • It is ndt desirable to reduce infiltration too much. 
Adequate air exchange is needed to provide fresh air tor the ^~ 
building ^ereupattT^ — T?b"CaTrlaws or codes often specify a min- 
imum amount of ventilation for many buildings, A building 
that is* closed up to*o tightly may n^t hav$ adequate ventila- 
tion. , This causes a buildup of ocfors ancj air contaminants 

and leads to problems with ex'cessive coi^densat ion of water 

■ * • \ • . 

vapor. 4 m 
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EXAMPLE A: CALCULATION OF HEAT LOSS. 



Given: 



Find : 



Solution 



A, one story home with the following r wall area: 
20' "x 60 f x 8 f . There are 20 windows, each 
3' x 5'. The hon\e has .two inches of insulation 
in the walls., four inches of insulation in the 
ceiling and, has thermopane windows. Assume that 
there>.is enough infiltration so that the inside 
air' is exchanged once per hour. The thermostat 
is set at 65°F. 

The amount of heat loss from 'the home when the 
outside air temperature is -5°.F. 
The wall area is (20 + 20 + 60 + 60) x 8 x = 1,280 
square feet (including the windows). The window . 
area is 20 x 3 x 5= 300 square feet - which 
leaves 980 square feet for the walls (excluding 
the windows).. From Table 1, .the. IT value is 0.095 
Btu/'ft 2 /h/°F. The temperature difference is 70°F, 
Thus, the- heat loss through the walls is: 

0.095 x 980 x'70 = 6,517 Btu/h. 

the ceiling/roof area is 20 x 60 = 1,200 square 

feet. The Ik value,, from Table 1, i<~0.071. The 

heat loss through the roof is: 

> * * 
0..071 x 1,200 x gO ^ 5,964 Btu/'h. 

y *' 

For the 300 square feet of window area, the U 
.value from Table 1- is 0.65, and the heat loss is:, 



0.6-5 x 300 x 70.= 13,650 Btu/h'. 



/ 
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Example A. Continued. 

The volume of the house is 20* x 60 x 8 9,600 
cubic feet. This is t,he volume of- air changed 
.by infiltration each hour. Thus-, the heat loss 
due 'to infiltration is: 

0.018 x 9,&Q.fr = 173 Btu/h. (rounded from 172,80) 
The total Keat loss is: 

6,517 + 5,964 + 13,650 + 173 = 26,304 Btu/h. 

Notice that the # largest""contribut ion to the. heat 
loss comes through .the windows,,.' 



• j The R 'value is- another factor that is often encountered. 
Thef letter- s R is 'an abbreviation for resistance. The. R°value 
\s\ measure of the resistance of materials to heat flow. x 
For a .particular structure, *the*R value .is related to the U 
value fe^the following Equation: ' *' . 

R = I /If ' Equatipn 2 



Thus^f the R value is represented by the units-of square 
feet per 'hours per degrees Fahrenheit per Btu'. I»n practice, 
though, the .units of R are almost neyer • specif i^. " * 

From Eqliation 2, it can be seen that materials with. low 
thermal transmission have high R value's. Thus, for insulation, 
materials with high R values are cfesir^bie. The manufacturers 
'tfl insulation specify rhe R value of the insulating material.. 
For, example, a si^c-inch ' thick. fiberglass blanket might be 
specified a£ ?R-18 M . The .R 'values provide a convenient economic 



s 
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( " measure. If two type^ of insulation have the sam^ price -per • 
unit area, the one with the higher R value wjLll be the better 
• buy. ' 

A convenient additional feature of R-values is that they 
re additive. Therefore,' if . insulation, is added to a struc- 
tiir£, the total R value will' be "the .sum % of the R values of. the. 
original structure an'd the added insulation. The R value of 
.'a wall may be obtained by simply adding the R values of ea*ch 
component* One precaution is* necessary, however. An air 
space in a structure provides some resistance to heat- conduc- 
tion, and, therefore, has a .R value greater than zero. Thus, 
^if one adds insulation ijitSwany air space in a wall, one *must 
first subtract the R value oVthe air space apd then add the 
4 R value of the new insulation. If one simply adds new- blan- 
kets of insulation on top of existing insulation in an attic, 
then the R. value of the new insulation may simply be added. to 
the old value. 

Table 2 presents .some R values for common insulating 
materials and structural materials. Th^se are approximate 
values, since they depend on the type of material used. 
Moreover, .the value' for the air l^yer is- dependent* on exa'ct 
conditions, ji^ill, these values represent a rough estimate j 
of the* thermal resistance for some common materials. ^ 
The values in Table 2 are expressed per inch of thickness 
Thus r the R value for e'at£R material listed in Table 2 must be 
multiplied by ffts thickness «£in inches) to give the correct 
R value. .' - 



/ 
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TABLE 2. TABULATION OFR VALUES. 



f 

Material 


R Value/1" Thickness 


* 

.Insulating Materials 


L \, 3.1 

3.1 • 
' 6.0 ' 

4.5 i 
' 4.8 1 
3.6 
3.1 • 
2.2 
2.1 . 


Fiberglass batts orjblankets 
Mineral wool batts for blankets 
Urethane board / 
Polystyrene board ( 
Urea-Formaldehyde fo.am 
Cellulose loose fill 
Mineral wood loose fill , 
Fiberglasi-JLoose fill ^_ 
Vermiculite loose fill * 


Structural Materials 


'1.20 
1.10 * 
0.20 
0.11 
0.18 
0.20 
l\30 
0.68 
0.20 


Plywood 
Plasterboard 
Common brick 
Facing brick 

Concrete bijbck (three oval core)- 
Plaster (sand aggregate) 
Wood siding . 
Vertical air pocket 
Cement mortar 



J [EXAMPLE B: CALCULATION OF R VALUE AND U VAlljE. 

Given': From Table 2, the estimates' of the R values of 

the 'following : t ' ; 

- A wall consisting of four inches of facing brick, 
0.5 inches of cement mortar, eight inches of 
concrete-'block^ a one-inch air space, and One 
inch of .plasterboard. 

The sum. of the constituent R values and the U^alue 



Find: 



i. 



V 
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Example. B. Continued. > 



Solution 



First, sum the constituent 
Table* 1: 



R values taken from 



Facing br'icl^ — ^ 
Cement mortar n 
Concrete block 
Air space 
Plasterboard 



0 



4 
5 
8 
1 
1 



0.11 
0.20 
D.18 
0.6,8 
1.10 



0.44 

0.10 

1.44 

0.68, 

1.10 



3.7-6* 

The tdfcal £ value is J. 76; therefore ■« tfie U value 
is : 

1/3.76 ,= 0.266 ! ' 



The first* -increment of insulation is the most - effective 
'in reducing heat loss. Additional increments; of. insolation 
progressively have less effect. At some pointy .it is no • 
longer cost-effective' to continue adding more insulation; 
therefore buying more insulation is unwarranted sinpe it does, 
not produce a proportional reduction in heat loss. 

Figure 1 'illustrates how hea"t loss decreases with in- f 
creasing R value. If one increases the insulation from R-5 
to R,-10, the heat loss will decrease from 0.2 to 0 . VBtu/h/ i4 
ft 2 / b F., If tfefe R value is increased .by five^more (to R-15) 
•the added^trfsulation will cost as much. But the'heat Toss 
will decrease to 0.067,' a smaller change in^the i^at: loss. 
This example shows that, at a certain point, it .is no<*longeb- 
cost-ef f ective to continue adding more insulation.. But Jshe 
question i$: Just l\ow much insulation , % or> how high an R vaiu'e, 
should oyne have? ' . ,\ 



■ ■ * 
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Recommendations for R values for different parts of the 
United States, were' formulated in 1977 by the U.S. Department 
of Energy. Table 3 presents the r^ommended R values for 
roofs (or cei-lings) exterior walls, and floors (for floors 
exposed to heat loss-). The recommendations are relevant to 
the six zones of the country. that are shown in Figure 2. 



TABLE 3. RECOMMENDED R VALUES FOR ROOFS, WALLS, AND FLOORS 



Zone . 


Roof /Ceil ing\ 


Exterior Wall 


Floor 


1 • 

2 

3 

4 

5 

• 6 


38 
33 
30 

t "26 
. 26 
19 


- . \- 19 
•V.. 19 . 

• : - 19 

• ^ 19 

15 ' 
11 


22 

22 
- 19 

13 * ' 
. 11 

ii ' 
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One can find, the'prqper zone from' the ^ma^ in. Figure '2, and 

then use Table 3 to determine ^commended R values for roofs, , 

walls, and floors~ ; for that zone. Adding insulation to attain 

the recommended 'R values-should produce an efficiently insu- 
tat'ed building. 




Figure 2. Zones 1t6 in the United States fior Which 
* Recommended R Values are Defined in Table 3.-: 



EXAMPLE C: ' ADDITION OF FIBERGLASS INSULATION . 



Given: 


A home iri Maine* with a roof 


that has an R value of 


Find: 


seyen.^ 

The thickness of a layer of 


^fibevglass batts. that 


ft 


should be added. 


s 




- t 

• * « 


^ 1 

•4 



9 
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Example C. 'Continued, 



Solution: ^Figure 2 shows tha't 'Maine ^s in- Zone 1 for the 
recommendations on insulation. Table 3 will 
* show that the recommended R value for the roof 

;in tliis zone is 38. Since the existing R value 
i a i's only seven, it should be increased by 31. 

Table' 2 will show that - the fibergl'aSs batts 
have an R value of .3.1 per inch. Thus, 10 
v inches of fiberglass batts should be adde^f to 
increase the insulation of the roof. - ' 




EXAMPLE D: ADDITION OF POLYSTYRENE INSULATION, 



Given: A building in northern Flordda with walls of bare 

* ' -cin'der block having a U value of 0,22. 

Find: - How fnuch thickness oikjpolystyrene board should ' 

£ be added as insulation in order to meet-^ recom- 

mended R values. 

Solution: From Table 3, the recommended R value is 13 for 
\?alls. The R value of the cinder block walls is 
1/0:^22^ 4.55.. This should be increased -by 8.45 
to bring the R value up to 13. Fj-om^Jable 2, 
polystyrene board has an R value of 4.5 per inch 
* of thickness. Two inches of polystyrene b6ard 

will increase the R value by 9, bringing it up m 

\ tp 13.55, above the x recommended value. 



The main source of heat gain - and an increased heating 
load'- in the .summer is solar radiation entering the* building 
through windows. 'Heat gain by" conduction is relatively less." 
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Only rarely A *i£ ever - would it be cost-ef 
irisulation^to the walls or c^ling just for* the purpose o*£ 
'reducing heat gain in the summer. Btit - insulat ion' addecl to 
reduce,, heat loss in the'yint^ will be -somewhat beneficial 
in reducing heat . gain *in' the summer. 

.Solar radiation- accounts for most of the heat gain in 
areas having high levels of «solar radiation.^ The ^geographical 
distribution of total-daily solar energy in . the ' United States 
in the summjer has already been discussed, in Module EP-03, 

.^"Generation of Steam, Hot Water; ai/d Hot Air, Using Solar 
Collectors./ 1 -j The student may ref er' to Figure 5 'of that moduli 
for a review.- The total solar radiation is greatest .in the 
southwestern United Spates, and it is less along the norfrk-^ 
eastern' coast . „ 

* ' For a particular geographical locat ion , b the heat 'gain 
depends on the direction thatfzhe windaw*is' v facing . ^ The 
heat gain is greatest when windows facf „east and west, next to 
.the greatest when windows face south, and *least< when windows 
face north, t*he *g.ain for south- faeirag^wijitiQws .is not the^est 

~in-5ummer because tn^sbn is hi^h abov§ the- iioriz'on at noon*, 
and a south-facing windo\L4j>-i^l ununited at an oblique angle. 
^An e.ast- ox we$t- 4 faci*ig window will : 'receive th§ sunlight 
straight-on in the morning or^ afternoon , arid, thus', will pro- 
vide more heat gain. The situation is different in winter 
when* the-iSUf is lower. Thfen, a sputh-'-f acing windoW will -re^ 

' c.eive the sun Is. rays nearly straight -oa 'near nod*n,and will % - 4 
provide the greatest* heat gain. - ' - - 

* An idea jft 'the ^magnitude of potential- heat gain .iS given,' 
* in Table 4, which gives .the amount , of - solar rfadiatio^ for ° 
several values of latitude that st^kesrfone Square foot of 
winidow awa •on-June 21- For compares cm 1 a near each- \ • 

value- of latitWe is lifted; The valUes\p r ^efted are' the 

• * J. \ * 
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number of Btus tha't will»reach each square foot of window 
area on a clear, day ,. with no shading.' Thus, a west-facing 
window, in Philadelphia, Pennsylvania, within area 'of 3' x 5' 
.will receive 15 * 1,226 = 1,839 Btu of solar energy on June 21. 
Thi-s, of course, »ispre~Senrs a very large potential heat gain. 

Nj6*t all of this amount will, actually be. converted into 
.heat inside the building. The exact amount depends on^efie 
type of Vindow, the absorption of the window . gftiss , possible 
shading,- possible cloudiness, and the ^temperature difference 
between the inside and outside. Thus, the exact solar heat 
gain through" a specific window depends on many factors, and 
calculation of tbe"solar heat gain becomes complicated. Still \ 
the.numbers s in fable 4 indicate that , potentially , solar heat 
ga< in' thro ugh 'windows can be a ve,ry large source of added heat 
load in the summer. '• . , »* 

\ • 



TABLE 4*. 



POTENTIAL SOLAR RADIATION ON JUNE 21. 
(Btu/ft 2 /d) 



% . * 

Latitude 


City Near That 
Latitude 


aDir^ction Window Faces > 


North ■ East, South West . 


. 40°N 
*\48°N ^ 


Savannah, GA 
Philadelphia, PA 
Minot, ND 


* 532 1169 \,450 1169 
' 506 1226 630" 122.7 
514 1284 872 1284 ^, 



\ 

The- discussion will now describe an energy survey for 
.'buildings; then it will move to a discuss io^ of energy con- 
servation practices relevant to building design and use,,' 
both for new buildings and existing buddings. 
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ENERGY SURVEY FOR BUILDING CONSTRUCTION 

An audit of the building materials and construction can 
be an, important first step for -energy conservation in building 
use. A suggested energy survey for building structures' and 
materials is» given below. This survey can highlight some.o^ 
the possible^ways to save energy in a specific building. / 
Later, the student will prepare an energy survey for building 
structure and materials in a specific building. 



TABLE 5. ENERGY SURVEY - BUILDING STRUCTURE AND MATERIALS 



Ceiling/Roo f 

Area/ of ceiling or roof: 
Structural materials:. 



< 

Insulation 



Exterior Walls 



Type 

Thickness 



Area of walls*': 
Structural Materials; 



Insulation 



Type , 
Thickness 



Floor 



Area of floor: s 
Structural . materials : 

•Insulation: Type 

Thickness 
' Exposure of floor 

(full basement, crawl space 
pier cohstruct ion, *etc): 



square feet 



square fe.et 
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Table 5. Continued 



'. Windows 

Number of windows: 
Exposure (How many face 

north, east, south, west): 
Area of windows : 
Type of windows (single 

glazing/ thermopane, etc.) : 
Weat'her^tripping and caulking 
. present? : i 
.Condition of weathers tripping 
*and* caulking? :• 

Heating and Cooj-ing Plant 

. Size of furnace: 
Fuel used: 

Size of. air conditioning 
system: » 



/- 



Special Features 

Vestibules', enclosed, ehtryways , 
shade trees, awnings, solar 
collectors, etc.: _ 



square feet 



Btu/hour 



Btu/hour 
(or tons) 



DESIGN CONSIDERATIONS FOR 
REDUCTION OF ENERGY LOSS FOR NEW BUILDINGS 

The potential for energy savings is greatest when a new 
building is being ^constructed . *In an existing building, many 
factors ,< such as siting, 'materials of construction, and so 
forth, have already been chosen, and they are not subject to 
'change. * But during the design of a new building, all the 
choices are available. New buildings can be designee^ for 
energy conservation with little or no increase in the cost 
of construction. 

Sonre of the' design considerations that may be incorpor- 
ated into new construction are discussed on the following 
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CHOICE QF SITE AND ORIENTATION OF BUILDING „ 

The choice of the site and" orientation of -a building can 
be effective in reducing energy loss. In ^ontje c^ses, the*" 
location cai/ be chosen to be sheltered from wind in the winter 
The^wind-sheltering can be provided by contours in ^€he land or 
by trees . . «\ . - - 

The building can also be oriented to receive the maximum 

of solar energy that is available in that location in winter. 

Large walls with many windows should face toward the south, 

so as to take advantage of this source of energy. 



CHOICE OF MATERIALS 

Table 2 shows that thermal transmission of different 
structural materials ^varies . The building designer should 
choose materials that minimize heat loss froih the building.. 
The choice must- be consistent with other requirements, such 
as the relative cost of the different materials*. 

» 

ADEQUATE INSULATION - 

The building design should include adequate insulatron 'to 
provide the R values recommended by the Department of Energy. 
These values were defined in Table 3 for ceilings, walls, and' 
floors ia* several areas of the, United States.. 




OF A VAPOR BARRIER 



\ 



a building becomes trght'ly. sealed 'to reduce inf'il'tra 
of air, a problem may.arise with condensation of moisture 
WaAer vapor .Will cotidense on cold surfaces -Condensation in 
11-sealed and. insulated building can cau'se moisture damage 
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to building- components , such as studs wallboard , joists, and 
so forth. ' It can also wet the insulation and reduce its ef- 
fectiveness for , thermal resistance. 

installation of vapor barriers can prevent this problem. 
Vapor barriers should be incXud^d on the warm side of the 
insulation. Vapor barriers are often plastic sheets that 
are stapled to the inside of the, wall studs next to the 
insulation. Vapor barriers are mos t"^important in cold cli- 
mates and in conditions where there is a'large amount of * 
moisture release in the building. j 

VENTILATION 1 * 

J 

Adequate ventilation must be included in the. building 
design. Lack of ventilation can lead* to moisture condensa- 
tion, with the same problems as discussed above. Inadequate 
ventilation will also result in a buildup of odors and air 
contaminants. The amount of ventilation required for commer- 
cial and industrial buildings is often prescribed by local 
.laws a^nd codes. For homes, a rough value of one square foot 
ofvveht am for each^lSO-300 square feet of attic area is 
recommended. r ' 

v 

EARTH -SHELTERED DESIGN / * 

A type of building design -that is gradually being intro- 
duced in the northern United States is, the ea'r'th-sheltered 
design. This, type of construct ion -generally involves^ banking 
earth around the northern, eastern , *and ^western edges of the 
building - and perhaps over the top* The southern exposure 
is left open with ^several * windows that collect energy. An 
alternate method is to 'embed ^the building in the *side of a 
.south-facing hill or C/liff . 
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Earth-sheltered design is a radical .departure from con- 
ventional design* ^It does of£er great savings in heating and 
cooling ehergy* F^r example, one 2,800 square foot earth- 
9 sheltered home in Minnesota is estimated tQ have an annual 
heatJiag cost of $47, far below the cost for conventionally 
designed hornet in that area. 

The design of such buildings can be acceptable to the 
building's occupants and can avoid a feeling of being buried 
underground . > Eartji-sheltered design is applicable for many . 
building type£^ -including homes, industrial plants, office 
buildings, and so forth. This design is perhaps best adapted . 
to one- an^ two*story buildings, and is probably limited in 
its applicability for high-rise buildings* 

CHOICE* OF .WINDOWS ' 

In many cases, windows are considered a desirable part 
of architectural design* Most buildings are designed to in- • 
cl^ude windows, although some are not* Windows contribute to 
heat exchange between the, building and the outside* Glass is 

*a' poor insulator; therefore heat penetrates through windows 
more easily than it -does through the Surrounding wall* Some- 
times it is recommended that the area of a Jxiilding devoted 
to windows be reduced in size. In fact, sorpe* sources recommend 

: that a building have no more than 10% of its^ wall area to in- 
clude Windows * 

Windows can })e desirable for admitting daylight and for 
boosting occupant morale* .At th£ same time, south-facing 
windows receive sunlight during the winter and reduce the 
heating load* In summary, window design can provide reduced 
heat loss, allow' entrance of sunl ight and offer many other , 
desirable features* * v 
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.Windows that reduce heat loss in the winter should be ' 
used .in new buildings. The U values for various types of 
window construction afe given in Table 1 . # A single thick- 
ness of glass generally is undesirable because of the, high 
degree of heat loss incurred. Adding a' second sealed layer 
of glass (or a storm window) traps a layer of air and'- greatly 
reduces heat transmission. The- design of new buildings should 
include at least two layers of g J Lass > with an air space . between . 
Triple glazing is recommended for colder climates where there 
are more than 6000 heating degree-days. This desig^ invblves 
three layer:? of glass with sealed air spaces between them. 
The building design s-hould provide for as many windows as 
possible to receive ■ sunlight in the winter. <fc 

- -The so-called "greenhouse effect" is worth, mentioning . 
Short wavelength radiation is readily transmitted through 
glass". Thus, "the visible and near infrared portion of the 
solar spectrum, which contains most of the solar energy, *ill 
penetrate the window and enter the building.^ Glass does not 
transmit the longer wavelength infrared radiation that, is 
characteristic of the thermal radiation from ob j ects "near 
'room temperature. Because of the greenhouse effect, sunlight 
'is very effective in warming spaces enclosed by glass. 

However, excessive heat gain from sunlight in the summer 
may be a problem under some .conditions. There are a number of 
types -of tinted, heat-absorbing glass, or coated reflective- 
type glass tha/ can reduce heat gain\in the summer. Use of 
such glasses can reduce the cooling load as much as 30V. 'The 
choice of such 'heat-rej ecting glass shpuld.be considered for 
use in windows '.un^er conditions where reduction of summer heat 
gain is desired. ' - 
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PROPER SIZING OF HEATING SYSTEM' ' . 

t 

In the^past, it was common practice^ to install .larger 
heating 'systems than was necessary. Then,- energy was rela- # 
' tively inexpensive. Oversi'zed heating systems are 'now consid- 
. er.ed inefficient because they waste energy. They cycle oh and 
ojff, and spend a large fraction of the time reheating^ the 
'.plgnura. A smaller furnace that operates for longer periods 
at a time can provide a larger fraction of its heat as useful 
" input to the building. - An earlier module, Module EC-02, 
described these considerations. 

A properly sized^heating system should operate continu- 
ously on a day that is deemed the coldest in the climate where 
' the building is located. The heating system should be just 
large enough to maintain a constant indoor temperature (while 
operating continuously) during the coldest weather that occurs 

at that location. 

'From weather records, the building designer should de- 
termine the coldest weather to .be expected and estimate the 
b«ilding heat lo'ss during Ifcat time. The furnace chosen 
^ should be one that will just balance, that particular heat loss. 

A variation of the abov4| technique involves the use of 
a modular heating system. This method incorporates the use 
of several furnaces of different 'sizes.,. The total capacity 
of all the -furnaces is adequate -for the coldest weather. 
During warmer periods (such as autumn and spring) - some *of the 
" modules (furnaces) will no^ be used^ — The goal is to have the 
heating system, whatever fraction is being used, operate at 
a high duty cycle at all time-s— 

A single large furnace might operate almost continuously^ 
in winter, but it would frequently cycle on and off in warmer 
weather. Use 'of a modular system avoids this situation since 
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some of the heating modules would shut off when the weather 
warmed /up. ^The~ remaining operating modules £ould then 'operate 
*more efficiently. 



f 

RECOVERY OF WASTE HEAT* 



j Heat that is usually wasted can be recovered in part and 

used to-, substitute for part of the heating load. One example 
is the heat contained in the flue gases that -escape up the 
^smokestack. Although flue gas.es cannot be allowed to enter 
the building because they contain combustion producf\ and, 
po?sibly, carbon irtonoxide, th§y can be passed through heat . 
exchangers ' ancK part Of their heat energy reclaimed. 

Other places, where wastje heat can be -recovered include 
the'*hot gases fro^n refrigerating system exhausts, hot water • 
cfrains; engine exhausts, and lighting fixtures. ' > . 

De'sign 6f an energy efficient building should include 
•the recover^ ofCwaste heat energy from *as m^any' sources as 
.possible.^ \ ^ 

« * 

FLUE DAMPERS V - * • 

- r The furnace flue must 4 be open when the' furnace is on in 
•order to £liow combustion products to escape. £ut when'the V 
furnace is <<$££*,' heated air may escape up' the flue. This rep- 
-y^sents a loss of the. .energy that was previously Used to heat t 

4 - ^ 

the air. " ' ' ' • 

TJji s type loss can be"avoided by the installation of a 
flufe damper, which is left open when the furnace is on and 
closed when the furnace is off. Commercial flue 'dampers 
that are motorized and automated are available. 

The potential danger of using flue dampers (as stated 
previously) could occur jf' they were- to remain ^closed during 
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the time that th^ furnace is on. In this case', combustion 
products, including" carbon monoxide-;' cpuld enter % thg' w bui.lding 
Thus, flue dampers mu^tb^e designed to be *fa^Ll^*a£e . Because 
of the potential da^erfrhe construction and .installation of 
t a flue damper ii not recommended for an amateifr ■ installer . * 
Rather, proven equipment should be installed by. trained per : 
sonnel . , * 

e 

AUTOMATED CONTROL OF HEATING AND COdLING , . m ~ 

Centralized automated control of heating and cooling 
functions has been described in Module EC-02. Such automated 
functions,, uncier'the control of a computer, can preside c.onsi- 

_d e r_a_b 1 e s a vings i n en ergy . Th q instal 1 a t i on o f au tJgma ted • 

computerized controls in large buildings is strongly recomj 

• " mended. \ t . 

In smaller buildings or in'private homes the cost of a 
computerized system ^may not be justified. In this -cas)^ use 
of fuel saver thermostats can provide some degree of automated 
control. J The thermostats can be programmed. to turn down the 
heat automatically when the building is empty o.r when occu- 
♦ ' . pants are sleeping.. Some .models^ of fuel saving thermostats^) 
..— can be programmed for multiple setback/ startup cycles -during 
v the day, aTTd at the same time can be programmejLf or different 

' cycles on different 'days of the week. The use of fuel saving 
thermostats with multiple seijpoints can lead tosaving?' of ^ 
- _ \ ' 15 - 25%,^b£ heating energy^' depending on the climatj 

A - . v> 

:\ COLOR OF ROOF 
\ • ' 

V A dark roof absorbs heat energy, -wherea^ a light roof 

- , uXU reflect i\. Thus, a light roof is desirable \in situations 

w,he-r"e tjie cooling load in summer is greater than the 'heating - 
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load' iri winter. ~ Im cases where" the ♦winter heating load, is 
greater, and where there is considerable* sunshine . in the 
winter, 3. dark^roof will absorb. solar energy and will help 
.reduce heating requirements. . 



THERMAL STORAGE / . . " . ' " 

* Thermal storage systems are becoming mo.ri popular. These, 
systems involve , large, well-insulated ^storage 'volumes . The 
material in the volume —/sometimes rocks or bricks — heat v s , 
then stores, the -thermal energy. .The energy is then .extracted 
and used to heat 'the building at a lat;er date. Thermal storage- 
vsystems can als'o be used - for cooliag. The energy is' trans- 
ferred betw.een t he storage * volume 'and the building by. a fluid, 

O r — — — — — . . . 

usually either wa-ter or^alr. A thermal stprage system can" 
aid in the following applications: . - * • s 

• Leveling, af load in^eleptric space Keating 

or cooling" » 4 * * 

• Conservation of waste heat t 

• Resiling" -of heatirfg equipment 

' • Avoidance of peak load^in hot water heating 

• UtilizatiorT~crf~~^^ 0 . 
In. some cases, very large thermal\TtX)Lrag^ 

operate over a six-month cycle> storing heat in the summer, 

thereby cooling the building, and releasing- it in the winter 

* • 

foi* heating. The energy 'conservation opportunities offered . 
by thermal storage should be considered /during the design of- 
a new building. ' ^ < 
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uflLIZATION OF SOLAR ENERGY ' , 

V 

Solar energy and its potential for reducing pnergy con- 

» 

sumption shauld be evaluated for any new building. Solar 
energy can be used for the following: * 

• Hot water heating * 

• Spice heating 

• Cooling with- absorption cooling systems . , 

k 

• Pho'tovoltaic electric generation V * 
The technology and applications, for generation of -steam, 

hot water, aikT hot air, using solar collectors have'been. 
described in^detail in Module £P-03. -The photovoltaic genera 
tion of electricity; with solar energy was presented in Module 

■EP-07. • j * 
* L i . 

HEAT' PUMPS ^ . " * ^ - / 

* * * * K - . ' - " " * ~~ ~ 

Essentially; heat pumps are air conditioners that work ^ 

in reverse. They are electrically operated, and they extract 
heat from the outside air and- deliver it inside. Heat pumps 
can operate with an ; , efficiency greater than 1 & 0 . In other 
words?, *a~TieaTl>ump can deliver moVe than' one Btu of heat 
e f net\gy for each Btu of "electrical energy used. This is true 
because the heat pump does nqt generate the energy itself, 
but extracts it from the air! This fact makes heat pumps 
highly desirable. 

Heat pumps flperatfe at highest 'efficiency when the out- 
side air temperature is not too low - perhaps abov'e 20°-F. 
At .very low temperatures perhaps* below -10°F - they become 
ineffective.' These factors' tend to'restrict the widespread 
use Cff heat, pumps in the northern United States. However/ 
they -tan be used effectively in milder climates, or as sup- 
plemental heating sources in cold climates. - • 



"We 2 8 /BO 07 • 



300. ■ 



REDUCTION OF ENERGY LOSS - RETROFIT IN EXISTING BUILDINGS 

. .There are fewer energ^ saving possibilities . in an "existing 
building than . in one that isN>e4ft^constructed . Several im- 
portant Qptions ar«6 not available, such as choi.ce of-site and 
choice of construction materials. Other energy-saving measures 
involve replacement of existing components which may be more 
difficult to just ify economically. 'Nevertheless, there „are 
effective energy" saving measures that can be adapted to retro- 
fit an existing building, some of which are described in the 
following paragraphs. 




CAULKING AND WEATHERSTRIPPING . 

Heat los's occurs by, infiltration of cold air through 

cracks and* other spaces, especially around doors and windows. 

Sealing these openings by caulking and weathers tripping is an 

important method for reducing heat loss by infiltration. If 

the building does not have caulking or weathers tripping , they 

should be applied and- installed. If ^the caulking is old, it 

should be reapplied. If the weatherstripping is cracked or 

otherwise damaged, it should be replaced. Specific techniques 

^fo^ applying cauLMng and installing 'stripping are 'described 

in the section entitled "Infiltration. 11 

i 

' ADDING STORM DO&RS " t 

Storm doors help reduce heat los,s due to infiltration. 
' The addition of storm dootfs to buildings that do not have them 
is highly desirable in cold;cl imates 7^ 

* ■ r 
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ADDING A VESTIBULE * - 

A vestibule can reduce the Influx^of cold air when the 
door is opened. 1 A vestibule is more costly to add than storm 
doors, but it o can be an effective method for reducing heat 
loss in cold, windy climate's . 



ADDING A WINDBREAK- 



'S 



« Adding a windbreak outside thfe building can also reduce » 
the anroijnt of cold air that enters a building when the door 
is dpen. Windbreaks are particulYi^-jef f ect ive when there / 
ajre prevailing winds which tend to blow in a certain direction 
during the winter, such as in parts of the northern United • 
States. If the prevailing winds % blow toward the door*, a large 
amount of c^>ld air cdn enter when the door is opened. 

Windbreaks cart reduce this rush of cold sir. Windbreaks 
can be produced by trees, by bushes 7 or by fenfces.. Evergreen 
trees or bushes are more ■ effective than plaTTtsr^hat lose- their 
leaves in winter. ' 

ADlJlNG STORM WINDOWS OR* ADDITIONAL* GLAZING 

v * 
Adding storm windpws to buildings that do not have them^ 

-is an ef fective^means of reducing heat loss. Even if storm 
• « ■ , . { ' — 

windows are present, adding an additional sheet of glass, 

•separated! frojp the existing glass by a'sealed air space ^ K&p- • 

e be desirable in cold climates* More* specif ic recommendations 

'about reducing <heat loss through windows are diseased later 

in the module. 
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AbDING INSULATION 

# 

: 'Adding insulation to bring the R values up to the recom- 
mendations of the Department of. Energy is desirable. If the" 
building has no insulation, it should' He added to the ceiling 
and walls, if insulation is present, but with, loweV R values 
tHan recommended, ' additional insulation should be added when 
it is feasible. Specific methods for adding insulation are 
described later in tjie module. 

ADDING AUTOMATIC CONTROLS 

• V 

. Automatic computerized central controls for large build- 
ings and fuel-saving thermostats for smaller buildings were 
discussed in previous sections. These may also be added to 
existing buildings. The cost effectiveness might be reduced 
because they would replace existing ins tailed 'components ; 
but, in moS't cases, 'they would still be economically justified. 

ADDING AWNINGS .AND OTHER SHADING DEVICES * 0 

* * \ " 

Awnings and other shading d^fices reduce solar heat^gaiix 
its added heat load. . Awnings are effective -because they 
block the sunlig.ht from entering the window when the sun is 
high in the s,ky in the summer. When the sun is low in the 
Sky irn~~the- ^winter , sun-14g-h4^-en^eais thfi. window below the awning 



Other shading devices include drapes, shades, and Venetian 
blinds that* are hung inside the window* Shade trees are also 
desirable ,* but they require several years to grow tall enough 
to be effective. 

v 

ADDING FLUE. DAMPERS * . ■ 

' ' • Flue - dampers , whi ch w;ere described easier, may be added 
to existing buildings. - Their co v st effectiveness are as high 
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in an existing building as in a new one because .they do not 
replace existing- component s . 

» • 

RESIZING^ THE HE'ATING SYSTEM 

As. discussed previously, an oversized heating system is A 
a source of, energy loss.- Many buildings have heating systems 
that are larger than is necessary because they were incorrect 
ly si-zed. Even if the heating' system is-'the correct size for 
the building, the implementation of energy-saving 'measures < 
such as storm windows, additional iitsulation, and so forth, 
may make the heating system oversized. The capacity of a 
furnace may- be changed somewhat without having to replace the 
entire furnace. For instance, the orifices- through which the 
fuel Writers" the burner 1 can be reduced in size. * This has the 
effect of reducing the furnace capacity. Such resizing of 
the furnace- should be left to trained personnel, however 

A procedure" ~f<5r determining whether a heating • system is 
properly sized* was described in Module 'EC-02 . 

MAINTAINING -HEATING SYSTEMS 

Annual checkup and maintenance of the heating' system 
should be performed by qualified personnel. This" can reduqe * 
heating expenses. The maintenance and* testing should include 
the— #o-l 1 o wi i\g : _ ^ 

• Adjusting and cleaning burner 

• Adjusting fuel-to-air mixture (see Module EC-02) 

• Cleaning heating elements and surfaces '«* 

• Adjusting: dampers 

• Changing oil burner .nozzles 

• Measuring^ stack temperature 4 (see Module EC-02) 

• Measuring stack gas composition (see Module EC-02) f 
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^BDING SOLAR ENERGY EQUIPMENT * ' ' 

-Solar panels may be added to existing buildings for hot^ ■ 
water heating, space heating, or^ space cooling. See Module 
EP-03 R fpr a discussion of solar energy technology.* 

SPECIFIC TECHNIQUES .FOR ENERGY CONSERVATION ■ 
IN EXISTING BUILDINGS 

This section discribes in -more detail specific technique*! 
for the conservation of energy by. retrofiting existing build.- 
ings. The discussion emphasizes control of heat loss from 
exist ing "buildings and describes Methods for control of the 
following: 

• Window loss 

• Heat loss through* walls and ceilings • " 

• Inf iltraCt ion , 

These methods "are emphasized because they Tan generally - 
be carried out by personnel not having specialized training. 
Some of the methods discussed earlier (such as iris r l£Llat-ion 
of flue dampers) should be performed only by personnel trained 
for working with this particular type of equipmenfx^^ 

WINDOW LOSS ' - 

Table 1 clearly* shows that heat loss through Windows can 
be reduced by the installation of additional gla.zing, separated 
from the existing gfii&X by a sealed air space. Single glazing 
is acceptable for winter use in only a few warm sections of the 
United States. Addition of storm windows is recommended if the 
windows are single glazed. In cold climates, triple glazing 
may be desirables 



EC-07/Page 33 

305 



There are several ways that , additional * glazing can be 
added': - v . 

• Combination storm windows 

• Single-pane st^rm windows 

• Plastic Sheets 

• Draperies, blinds, and shades 

Combination Storm Windows 

Combination storm windows normally are installed b.y a 
contractor, and they are the most expensive of the alterna- 
tives listed above. \ Combination storm windows are availabl-e-- 
in designs which mawbe installed -over conventional d'ouble- 
hung or sliding windows. They are pernt&nantly installed, 
and they can be opened for ventilation,. They may be used to 
increase s.ingLe glazing 'to either ^double or triple glazing. 

V ■ 

Single-Pane Storm Windows ( - v * ' 

'Si^igle.-pane storm windows are l,ess expensive, "but the^ 
have^ the disadvantage of being difficult .to open. The panes 
may be glass or rigid plastic, withplastic being less expen- 
sive. They can be purchased in frames built to the user's 
specifications and dimensions. The storm windows may be 
mounted .by the user'on the inside of the existing windows and 
held in place with screws-o-^ clips. ; 

Plastic Sheets" * > ■ 

Plastic Sheets are the least expensive of the alterna- 
tives, and the easiest ¥, to install. Polyethylene sheets .(about 
0 . O006 !l _ thick) are available, in sheets or rolls. The sheet 
may be attached to the inside of the window and m\y cover the 
entire casing, it is attached with masking tapeV The plastic 
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sheets are effective in trapping a layer of insulating air 
on the inside of the window. The main disadvantage of plastic 
sheets is their appearance, which is not as pleasing as that 
of glass or rigid plastic. 

■ 0 

Draperies, Blinds, and Shades k 

Heat loss in winter can be reduced by draperies, blinds, 
or shades that cover the window when the sun is not shining. 
These work best if tney trap a layer of air. They should be 
closed at the top, and fit closely to the frame of the window. 
Similarly, - drapes , blinds r or s-ka-de-s - will reduce- heat -g-ain — - 
through the windows in the summer when the sun is shining on 
the windows. ~ 

HEAT LOSS THROUGH WALLS AND CEILINGS . 

Control of heat Toss through walls and ceilings is accom- 
plished by insulation, 4 Insulation should be added to bring 

*the R value for the wall or ceiling up- to the value recommended 
for the section of the country in which one lives. (See : 
Figure 2 and Table 3..) ' First', the R" value of the existing * - 
structure must be^d^termined. ■ (The reference section of this 
module lists 'books that contain detailed tabulations for many 
different types. o*f construction-.) .Then, add insulation to 
bring the R value "up to the recommended level. The R valuer 
per inch of thickness for common types of insulation are 

"presented in Table 2. Common forms of insulation are listed 
in Table 5, along with typical uses for each type. ^ 

, v 
Insulatii^gl with Batts or Blankets * * 

Batts or blankets may be laid on the floor of an unfin- 
ished attic, or laid on top of existing insulation. They may 
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TABLE 6. TYPES OF INSULATION- 



Type 


Materials 


Where Used 


" Batts or Blankets 
Rigid Board 
Loose Fill 
Foam 


Fiberglass, rock wool 

Polystyrene, urethane, 
fiberglass 

Fiberglass, rock wool, 
cellulose, veraiculite 

Urea formaldehyde 


Unfinished attic floor or rafters; 
underside of floors 

Basement* walls 

Attic floors, (finished or unfinished), 
finished walls 

Finished walls 



be stapled into place on^the rafters o'f an attic or tAe under- 
side of a floor. Batts* and blankets are easy to instai-l, and 

/ 

they may be installed by personnel with relatively little, 
training. " * 

Some batts and blankets have a. vapor barrier on one side, 
Batts or blankets should be- installed with the vapor barrier 
on the^ inside, tQward the heat. If batts or blankets are 
^added on top of existing insolation, the new insulation should 
not have a Vapor barrier. If. there is no vapor barrier on 
the batts .of blankets, and one is needed-, 'plastic sheets can 
*be laid under .the insulation in : the attic, or can he stapled 
4:o the inside of wall studs with the insulation between the 
studs. The amount of thickness that will increase the R value 
to the desired value should' be used.^ "* - 



'Insulating with Rigid JJoard 

Rigid* board mky be used for .applications such as insulat- 
ing basement walls. For relatively small thicknesses, extruded 

. . .A 
polysty.rene and urethane have a high insuTatmg value'.. /They 

form their own vapor barriers^ and do not neeti additional vapor 

barriers. These types of rigid board are available in widths • 
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of two to four feet afid in thicknesses up to* four inches. It 
is important to note that polystyrene and urethane rigid boar4 
should only be installed by a contractof. And, they must be 
covered with one-half ihcji thick. gypsum wa^lboard as a pre- 
caution. .against fires,- These €a>ctors somewli^t restrict the v 
use.of the rigid board typ^s of i&sulation.^ 

' Insulating with Loose Fill t 

- ' Loose fill can be us.ed foic insulatifrg* £tt ic floors or 
for finished walls. Cellulose-based loose *f ill- must be 
treated with fire retardants . For *an unfinished attic, loose 
fill may be poured in between the joists. It is pouredNto a 
depth sufficient to give the des.ired R value. This type of 
installation is relatively easy aryj may be performed by per- 
sonnel with little training. m . . 

For finished attics or finished walls'* with ^o insulation, 
loose fil-l.may he blown in. This is a morje difficult jpb and 
normally is done .by- a contractor. Holes must first be cut in, 

EallSr then the 'insulation is blown, in by pressurized, air 
gh a flexible hose.. When Ahe ■ spaces are^ filled,' the holes 
esealed' and r'efinished. , . ' ^ - 

v •* ' > - • •' . .' 

^nsulating'with Foam k . . 

Foam insulation is pumped through' flexible hoses, into * 

__holes_J.EL.|inishe<l walls to--fill up the empty space inside.'". 
#oam insulation has a higher R value, .per unit thickness than 
loose fill has, 'It is also more expensive than loose fill. 
The installation of foam insulatio^ is difficult and' should 
be done by a* contractor . ^ Even then, sometimes ' the. quality of . 
"the installation's inconsistent r which makes it* important 
-to select a qualified contractor who will guarantee the^ result. 
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Adding More Insulation* ^' * 

Walis that'. have never beefi insulated can be treated with 
loose fill or foam 4 . '* |Sut- what about trails that are already 
filled with insulation^ but * need more? In this case, loose' 
fill or foam cannot* be blown s or pumped into etne wall.. This 
type of project requires* the addition -of a separate layer to 
the inside- of the wall. "Adding" insulation involves installing 
2" x 4" studs along tfhe inside pf the walls and adding insula- 
tion between the studs . ^ Fi8erglas^ batts or. blankets may* be 
stapled to the studs, for example, fhen, wallboard or panell- 
ing is added to finish the wall. * This * approach is relatively 
expensive and requires the skills of a carpenter. 

> '* ' 

INFILTRATION " ^ a t 

• Infiltration, of eol'4 air o into the buildiitg may be reduced 
by the following methods: , 

•.Caulking J tf • 

• Weatherstripping 

•* Ins tailing 'storm doors V 



b aulking ■ , — — ■ — *> 



Caulking is important and "should be applied to' wrincfows and 
and doors. Previously applied caulking should J^e inspected 
periodically to make t sure tha^cracks are completely filled.^ 
If , the caulking is qld, cracked, or r pieces ar.e' missing in 
places, then new caulking should bt^ applied.,. 

Caulking comes in various forms. Oil-based caulking is 
the least expensive rfnd-* is alsg.the least durable. Latex- 
b^sed caulking is more expensive but 'more durable, Other typeg 
of caulking are available -r for .example ,. -elastomeric -compounds" 
such as silicones. These are the mo^t expensive and the most 
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durable . rCaulkjlng In the Form of oakum or cotton caulk is 
us.ed,to fill wide cracks, 

yS Caiilking should be used wherever two different Materials 
/meet. Examples are: around frames of windows or doors,- a^ 
corners in the building, art 'the, junction between the founda-, 
tion and the main part'of »the building, and at^ any breaks in 

* 4:he outside surface. 

Caulking comes* in- tutyes , and is applied with a* caulking * 
gun. Both ar.e readily available and may be applied by persons 
Vwith little training . ,t However, some practice may be needed in 
order to dyaw a 'good bead of Caulk that adequately fills the 
*:rack. Caulking should only be -applied when the outdoor tern- 

• perature is*above some minimum temperature (often 40°F) , but - 
*this depends /upon' the material. 



Wea 




^ppmg o * & 

Weatherstripping is" used to seal the edges of windows 
and doors. It should .be unbroken and. ijorro & complete seal. 
Weatherstripping should be replaced if it is cfemaged or missing 
in places, or ;t should be- added, if there is no weatherstrip- 
ping pres ent. _J__J ^* TT^^""" " " " 



( * Weatherstripping come/s in a variety of forms, such as 
metal -backed felt, roll-ed vinyl with metal backing, unbacked 
rolled vinyl, spring metal, and £oam rubber with ajdhesiye 
Stacki ng . J^ie ^c ho ice— depends- pii-the^^xaxticular—cori^truct ion * 
o"f the door* or window that il to .be sealed. Weatherstripping 
may be installed by persons with- a minimum of carpentry Skills , 
as long as instructions that appeat'/on the packaging are fol- 
lowed. 1 t~< 



ERLC 



311 



EC-,07/Page 39 



Installing Storm Doors & 

*^5<^rm doors are designed to be ihstalled outside the 
regular outside door. There are many type? available, and 
they can be designed to fit a specific door. In order to 
assure proper' fit, the installer should possess adequate ^ 
carpentry skills. Storm doors are often installed by a 
contractor who supplies doors with the proper dimensions. 
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ADVANCED TEtHtflQUES TO MEASURE ENERGY LOSS I;ROM BUILDINGS 

" . The determination of energy JLossv^rom buildings is a ^ 
♦mature technology which tends to use long-established, un- * 
sophisticated miethods.. The usual approach is to determine 
t*hfe R value of the materials used in the building conltruc- 
tion, and then to. use the equatioiv presented in this module 
as Equation 1. This method often underestimates heat losses 
because there may be localized areas of high loss that ar^e*" > V^ 
not accounted for in 'the estimate of the R value. . \ 

The determination of infiltration loss is not exact. It 
is often qualitative, depending on visual examination of caulk 

; iS&^Kfi.i^fiT^UiRP ifl8.^^^- t §£;J^^ r % t h- Methods of determining 
inf-il tration loss quantitatively "have not yet been* accepted. 
V 1 : Ijx repsonse to the needs for more sophisticated diagnos- 
tic* techniques , some advance methods £or determining energy 

'Ig^s are being developed, .including the £ollowiiyg: t » 

— -~Y"— ^rlnfrared™ ^calming - v - — 

\ • Blower doors 

INFRARED SCANNING DEVICES 

Infrared scanning systems (also called thermal imaging 



systems) rely^on the fact that warm materials emit infrared 
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radiation. The warmer the material' is, .the'more infrared 
radiition is emitted. An infrared .scanning system uses* 
infra^sd detectors' to produce a picture (image) of the £n- 
frared radiation produced hy the building. The picture wilJL 
be bright in places where the building is warm. These bright-" 
spots will* identify .places where heat is escaping. This 
technique offers a powerful method/for locating, specific 
heat leak's/that are difficult to find by conventional methods. 
A number of contractors —many of whom tend to be* small inde- 
pendent -companies - offer infrared . scanning for a reasonable* 
, fee. 

BLOWER DOORS " v A/v* 

Another diagnostic technique is the blower door -which 
consists of a powerful £Sn mounted and sealed in a door frame. 
This 'increases'* the pressure inside the building*. The blower 
door is often used in* conjunction with infrared scanning de- 
vices, since they help' to identify places where warm air is, 
escaping from the building. . ~ \ 

These two approaches t.o measuring energy loss fronTbuiTd- 
ings. have become popular as a result of the response to in- 
creased energy prices. Further advances in technology- that 
is designed' to monitor energy efficiency is .expected iij the 

of x 

near future . ' 
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Defiite the t eo[3lSZZ!CI^ as they relate to 

thermal transmission. 

iCwall has an R value 'of 25 and an area of 600 
square feet. What is /the U value for fche wall? 
If the inside temperature is 65°F,and the outside 
temperature is 5°F, what is the heat f low ( thrQugh . 
the wall, in Btu/h-? ^ i 
List at least 10 design considerations that can be 
implemented to recluce energy loss in new buildings. 
List at least 10 methods 1 £or energy conservation in 
existing buildings by retrofit. 

List two advanced techniques that can be used" to 
determine . energy^loss from buildings. 
Describe the following methods for conserving en( 
in existing buildings;' 

a. Methods for control of window loss 

b. Methods for -control of -heat* 1-oss 
ft " through walls and ceilings". 

c. Methods for control of infiltration 

What shpuld the Revalue of the ceiling insulation be , 
in Albany, New. York y and in Dallas, Texas, according 
to the Department of Energy's recommendations? 
•Estimate the heat loss from a particular 'res idence . 
Using' Equation 1, assume a typical winter temperature 
in 'the surrounding area. tJse the values for areas of 
walls', windows^, and so forth that is taken ifrbjr the' 
energy, survey. Use Table 1 to estimate* approximate.. 
-U.jralues for the type of construction in X^sl selected 
residence .^Estimate -infiltration by assuming 0.5 air 
changes per hotir in tight, nfew construction that has 
good* caulking, weatherstr ipping and so on;_one air 
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change per hour in average construction ; aircf two or 
more air changes, per hour in- odder 'cop-srryction that 
has loose 'fitting windows and do^r^, cracked or 
damaged caulking' and weather^fipping , and stf on. 
What contributes the largest component of^heat las^s? 
What can be done to reduce this heat *loss? 



LABPRATORY PROCEDURES" 



The student will f^rij^pjrepare an energy survey for a 
specific building, ^fn contrast to the energy surveys per- 
formed c in -^rilef" modules, of this course, it is suggested 
that the energy survey be conducted on the student's own 
resident. 'This will give the student specific ideas about 
reducing the energy consumption of that residence. 

Perform the energy survey by* using the form located in 
the Date ,Table. Fill in the form as completely as possible. 
Then evaluate the answers to locate 'potential methods for 
the reduction of energy 'usage in this residence. ( 
In order .to determine insulation thickness, it may be 
necessary to open a spa«^-in.ty? a wall or "ceiling. A cover 
•may be removed from night switch in a wall or a cover plate 
from a light fixture in a ceiling; then a flashlight may be 
used to look into the space. . ^ ' 

Next, the student will measure the R value of insulation" 
by using a piece of test apparatus. The .test apparatus can 
be constructed by the class- as^'-a whole or as. .an advanced stu- 
dent project. Construction of individual te'st apparatuses 
'for each student woul<d be too time-consuming. 
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The 'test apparatus consists of a heater, a guard ring to 
eliminate heat lQSses, and water-cooled metal plates % Two 
sheets. of the sample to be measured are placed between the 
heater and the water-cooled plates. A- side-view of the 
apparatus is shown in Figure 3:" — A 



GUARD RING- 



CD CD 


CD CD 


• CD CD" 


SAMPLE 


VMM 
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. SAMPLE 


CD CD 


CD CD 


CD CD- 



WATER-SfiQjLED 
"METAL" PLATES 



« GUARO/flfNG 



Figure 3, Side View of Test Apparatus. 

The heater itself may be° either circular- or square. It 
has an asbestos board with electrical resistance wire wound 
around it, .Aluminum plates (about one-eighth iflth thick) are 
p^ace^on the edge of tile heatdr, witfc electrical insulation 
between the wires and the plates. A side view of the' ^heater 
is shown in Eargure 4. - — *- 



INSULATION 



ALUMINUM PLATE 




Figure 4. Side View fcf Heatjer 
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• . The' guard ring is constructed in the same manner as the 
heater:, asbestos board, with resistance wire wound on it, 
insulation, arid -outer aluminum plates. The guard ring sur- 
round>-<he heater on' all sides and minimizes heat loss to 
the" side . S The' metal plates of the heater and those o e f the 
guard' ring are separated by a | small gap contairiing insulation. 

Roth the heater and guard ri ng are electrically heated by 

current passing through the resistance wire . The temperatures 
of both the heater and guard ring are monitored with thermo- f- 
couples. (The student might want to review a physics text 
that explains the use of thermocouples as temperature measur- 
ing devices.) Adjust the current through the heater and guard 
ring so that the temperatures of the heater and guard ring are 
equal. After each adjustment , 'wait some time for the tempera- 
ture to stabilize. 

The outer metal plates should have channels drilled in 
them" for water flow through them. Water connections are 
attached to the end of the channels. During use, the plates 
are* cooled by flawing water. 

Mote: The apparatus described above should .be construc- 
ted' and available ahead of time.) . 

For the measurements ,of R value, obtain several (three 
or four) types of commercial insulation. ■ There should be two 
pieces of each type, each large enough" to cover the combined 
area of the heater and guard plate (see^igure 3) . -Attach 
fine-wire thermocouples to the inside and outside edges of . 
the sample. If possible-, the thermocouples should be attached 
. to the paper or vapor 'barrier material which forms the side 

of the sample. * i - 

Then, assemble the apparatus with one of thfe sample 
materials -between 'the heater and water-cooled plates, as shown 
• in Figure 3. Turn on the "electric current in the heater and 
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guard ring,, and turn- on the wa<er flow in the outer plates. 
Adjust' the qurrents to obtain equal temperatures in the heater 
and guard ring. 

When tixe temperatures have stabilized, measure the follow 
# ing quantities : 

l ' : * = header current (amperes) 
V , = h'eatei^voltage (volts) 

= temperature of inner side or sample (°F) 



a, 
b, 
c , 




"0> 



from thermocouple reading on sample 

f 

temperature of outer $ide of sample ( F) 
from thermocouple Reading ' on sample 
e. A * = area of heater (squire feet) 

Then, determine the thermal transmittance U (Btu/h/ft 2 / 
'F) from the following equation: 



3.412 IV/A (t. - t Q ) 



'Then use Equation 2 to find the R value. Compare this 
value to th£ value quotdd by the manufacturer. 

Repeat the measurements and calculations for the other 
^samples of insulating material. 



b 
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DATA TABLE 



V 



DATA TABLE. ENERGY SURVEY - BUILDING STRUCTURE AND MATERIALS. 



Ceiling/Roof 



Area of ceiling or roof: 
Structural material's: 



' Insulation : 
Exterior Walls 



Type 

Thickness 



Area of^ walls : 
Structural materials 



Insulation : 



Type 

Thickness 



Floor 



Area of floor: 
Structural materials: 

Insulation: Type , 

Thickness 
Exposure of floor 
(full basement, crawl space 
• pier construction, etc.) : z 4 

Windows 

Number of windows : 
Exposure (How many face 

north, east, south, west): 
Area of windows : 
Type of ty t i<ndows (single 

glazing, thermopane, etc.') : 
Weatherstripping and caulking 

present? : 
Gondition of weatherstripping 

and caulking?: 



square feet 



square feet 



\ 



square feet 



A 
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Data Tab Te. Continue 



Heating and Cooling Plant 

Size of furnace: 
. Fuel used: 

.Size of air conditioning 
system : 



Special Features I 

Vestibules, enclosed? entryways, 
shade, trees, awnings, solar 
collectors , etc . : 



/ 

Btfu/hour 

Btu/hour 
(or tons) 



REFERENCES 



ASHRAE Handbook and Product Directory, 1977 Fundamentals . 

Chapters 21, 22, and 26. New York: American Society of 
Heating, Refrigerating and Air Conditioning Engineers, 
1977. * • — 

Wilkes, Gordon B. Heat Insulation . Chaper 9 and Appendix. 4. 
New York: John Wiley § Sons, Inc., 1950. 

In the Bank ... or- Up the Chimney . Stock- Number 023-000- 
00411-9, Superintendent of Documents, U.S. Government 
Printing Office, Washington, • DC 20402 (1977). 
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TEST 




1. 


The U values that express thermal transmission 
through a material have units of ••• 






a. Btu/h 


m 


3 


.b. Btu/ft 2 _ ^ • ^ 
c. Btu/ft 2 /h/°F 4 


% 




d. Btu/ft 2 /°F* ^ ' 




.2.- 


The R value that expresses resistance to heat 
flow is defined as 




3. 

/ 

\ 


For insulation that 'has an R value of 20, the U 

value is ••• 




t 


a. 0.005 . 

b. 0.05 

c. 0.5 • 4 


r ■ 




d. 5.0 ' ' - * 




4. 


A wall with an area of 1000 square feet has an R 
value of 20. The outside temperature is 50°F below 






the inside temperature. What is the 'heat flow 


- 




through the wall, in Btu/h? 






a. 250 . 

b. 2500 

c. 400 ( 

d. 1,000,000 




5 . 


Design considerations to reduce energy loss in.new 
buildings includes inclusion of a Carrier, 
Sheltered design, proper - of v the 
heating system, recovery of * heat, 
storage, and utilization of energy* 


• 


6. 

» 


Mpthods for energy conservation in existing buildings 
by retrofit include caulking arid , adding 4 
and shading devices, " the heating 






System, and * mair/tenance . 
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J^T^ . Acqj^^in-g -to the Department of Energy's recommendations, 
' '^the v iri*sulation in the walls o,f a home is Little Rock, > 



Arkansas, should have an R value of ••• 

a. 22 

b. 19 - 

c. 13 

d. 11 



RJC 
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